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between dose/time and the task performance estimates provided by supervisors of combat crews.
g We focus on soldiers representing four different crews, from the artillery (both

gun and fire direction center crews), armor, and antiarmor, because their operations include
the prospect of dezisive encounters where one of the combatant crews will probably be put out
of action. %.The crews are small, with three or four members, and the encounters are usually
brief, typically lasting between 30 and 90 sec, so crew missions, operational scenarios, and 4

crewmembers' tasks can be readily modeled.
Performance data from questionnai.-es administered to 161 senior noncommissioned officers

from the combat crews were evaluated. Twenty-four respondents were excluded because of
either lack of experience, background, self-disqualification, or missing questionnairLs.
Another 21 were rejected because of noncompliance with instructions or unreasonable response
)atterns, leaiing a total of 116, or 73 percent.

A linear regression analysis is performed on respondent data to obtain the parameters
for predicting performance of each of thr 15 crewmember positions. The logit form is used
to model the response data, so as to guarantee that all predicted performance values, in-
cluding the upper and lower confidence limits, lie within the interval (0, 1), as consistent
with the dependent variable (performance) input data.

Performance predictions are mapped onto the dose/time plane with 3pecified boundary
conditions by applying numerical techniques to a framework of symptom complexes. Three-
dimensional representations of performance as a function of dose and time are developed for
15 crewmember positions by applying a "french curve" algorithm to translate performance data
input on a grid of 18 dose by 39 time points into a smooth surface. A similar numerical
procedure was used to generate isoperformance contour plots that are 10 percent incremental
coplanar projections of the performance surface onto the dose/time plane. 71

Computed performance, given in both graphic and tabular form, is consistent with the
acute symptomatology from medical observations. Also, despite the subjective basis of the
performance estimates correlated with dose and time, the computed results represent reason-
able expectations. Physically demanding tasks are associated with greater performance de-
gradation; crewmembers with similar tasks across crews indicate correlated degradation when
grouped. Since we find it difficult to stipulate a sound comprehensive m',asure of uncer-
tainty in the results we present, the results should be applied with caution.
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SUMMARY

In this report, quantitative estimates of the performance levels of

individual combat crewmembers exposed to prompt ionizing radiation are

developed. The data described here are designed to help plan military

field operations and training for combat crews in a nuclear weapon en-

vironment. The estimates of crewmember performance are expressed graph-

ically and tabulated in terms of two critical values: radiation dose

(free-in-air), and time following exposure. Performance estimates are

provided for each of the 15 different types of crewmembers selected to

represent typical short-term (from 0.5 to 1.5 mmn) battlefield engage-

ment scenarios for a snall combat crew (three to four members). The

crewmembers selected for study are from the following four groups:

(1) field artillery gun crews, (2) field artillery fire direction center

(FDC) crews, (3) tank crews, and (4) antitank guided missile (improved

TOW vehicle) crews.

The quantitative estimates of degraded performance are based on two

bodies of information developed for the Intermediate Dose Program (IDP).

The first comes from t1e comprehensive symptomatology review of human

irradiation experience, and the second comes from the U.S. Army combat

crew questionnaires. Symptom descriptions quantified in terms of five

levels of severity, and the formation of symptom complexes based on the

symptomatology investigation, made it posaible to obtain performance

judgments from the questionnaires administered to army personnel.

Performance data, derived from the army crew supervisors who were

asked to judge how typical crewmembers might be able to perform if they

had acute radiation symptoms described to them, are correlated with dose

and time. Questionnaire responses are evaluated to improve the quality

of the data base used for the regression analyses to develop smoothed,

expanded, and consistent performance input data used for mapping the

dose-time domain provided by a framework of symptom complexes.

Numerical procedures are ap,1 1ied in order to map and generate the I
three-dimensional performance surfaces and contour plots as a function

of dose and time. Since data available from the symptomatology

_._ ./. "" " .. I / .
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PREFACE

This report was prepared as one volume of a set comprising the I
Pacific-Sierra Research Corporation (PSR) final report for the Defense

Nuclear Agency (DNA) under contract DNA001-83-C-0015. The work done

under this contract spans a wide range of nuclear weapon effects research V

covering intermediate-dose radiation, cratering, fire research, analyti- *

cal models, underground testing, instrumentation., and microwave energy.

This volume reports on material provided for the DNA Intermediate

Dose Program (IDP) to assess the effects of nuclear weapon radiation on

military troop performance. It also represents one of a series of vol-

times comprising the DNA IDP report.

Quantitative estimates of combat troop performance are developed,

using information and data from other IDP investigations. Along with

the IDP Core Group, DNA staff members David L. Auton and Robert W. Young

of Science and Technology, Biomedical Effects (STBE) guided this effort.

The authors acknowledge the valuable assistance provided by G., Hall, who
performed the statistical data analysis and authored Appendix F, "Per-
formance Data Regression Modeling"; and Elizabeth M. Niccum for providing

special computer programming assistance in analyzing the questionnaires.
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SECTION 1

INTRODUCTION

This report describes the development of dose/time performance pro-

files for individual. crewmembers exposed to the initial prompt ionizing

radiation from a nuclear weapon burst. The individual performance pro-

files are an integral part of the Defense Nuclear Agency (DNA) Inter-

mediate Dose Program (IDP), whose objective is to estimate the effect

of prompt radiation on the battlefield performance of combat crews and

"units.

"Crewmembers representing four different crews were specifically

"selected for study, because their operations include the prospect of

decisive encounters with the enemy. The term "decisive" means that one

- :°• of the combatant crews will probably be put out of action as a conse-

quence of the encounter. The crews are small, with three or four mem-

"bers, and the encounters are usually brief, typically lasting between

30 and 90 sec. Accordingly, the crew missions, operational scenarios,

and members' tasks can be readily modeled. The four crews studied were

, A field artillery gun crew (155 mm self-propelled howitzer).

". A field artillery fire-direction-center (FDC) crew (on manual

operation).

0 A tank crew (M60A3).

* An antitank guided missile crew in an improved TOW vehicle

(ITV).

The procedural methodology for developing the dose/time individual

performance relationships follows from preceding efforts involving IDP

program objectives and investigation strategy [Intermediate Dose Pro-

.- gram Group, 19831; a com)rehensive review and assessment of acute radia-

tion effects and symptomatology in humans [Baum et al., 19831; the

description and quantification of radiation sickness in terms of five

Hereafter referred to as simply the TOW crew.

1.3
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levels of severity, and the aggregation of symptom groups into symptom

complexes IAnno and Wilson, 19831; and the gathering of judgment data

on military task performance from questionnaires administered to U.S.

Army combat crew personnel [Glickman et al., 19831.

The descriptions of the symptom complexes were used on question-

naires administered to senior noncommissioned officers (NCO) to obtain

their estimates on the performance of individual crewmembers. Eva lta-

tion of the questionnaire responses is described in Sec. 2. Based on

that evaluiation, some respondents were excluded as unqualified because

they did not meet criteria to ensure that the estimates collected were

made by senior NCOs who had recent experience supervising typical crew-

members on current equipment. Other respondents were excluded because

they were unresponsive to the questionnaire.

Performance estimates from those respondents found to be reliable

were processed through a regression analysis procedure, described in

Sec. 3. The rcgression analysis (1) fits smooth curves to the data,

(2) provides a structure for making consistent performance predictions,

(3) interpolates and extrapolates the data to make performance estimates

for symptom complexes not included in the questionnaire. and (4) pro-

rides a means to assess the importance placed on the various symptom

complex components as reflected by the data.

The process we tise to construct the map of symptom complexes over

time for various doses is described in Sec. 4. It maps predictions of

individual performance for the symptom complexes, as determined by the

regression analysis, on the dose/time plane. Section 5 discusses the I
fellowing step, which includes selection of the dose, time, and per-

formance mapping points; the output grid structure; the boundary value

spect i ficat ions; ;ind the procedure for generat ing performance surface

aind i soperfformance contours.

Finally, Sec. 6 presents graphical representations of individual

performance profiles for the 15 members of the crews studied. Plots b,

Of perftorman'ce ;nnd isoperformance contours versus dose and time are

displayed for each crewmember, as well as groups of crewnembers accord-

ing to similarity of tasks.

14 j



Appendixes to this report cýontain tabular data, graphs, and addi-

tional narratives that are related to the technical discussion and ma-

terials pre±sented in various sections of the main body of this report.

Because of the large quantity and detailed nature of those data, they

are not included in the text itself.

I.d
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SECTION 2

EVALIJATION OF PERFORMANCE ESTIMATES

In this section, evaluation of the questionnaires [Glickman et al.,

1983.] is described. The criteria by which some respondents were excluded

before their answers were recorded are defined. Those criteria were

rank, time in specialty, and number of crewmembers supervised. Then, the

method by which respondents with unresponsive estimates were rejected is

outlined. The standards for rejection were the occurrence of any of the

following patterns: (1) noncompliance with Lhe instructions; (2) a pre-

ponderance of answers at the extremes of the performance range; (3) ex-

cessive consistency for many tasks within a symptom complex; or (4) many

reversals, where performance under more severe symptoms was better than

performance under less severe symptoms.

TaIble I I i sts the number of quest ionna i res administered to respon-

dents from each type of crew, and the reas3ons for eliminating respondents

from the sample. Each of the items listed in the table is discussed in

the present section. We also discuss how the answers were used to evalu-

ate the structure of the questionnaire itself. After the excluded and

rejected respondents were eliminated, the performance estimates from

respondents remnaining. in the sample vonstituted the data used for the

regression analysis (Sec. 3). Appendix A lists all performance time

estimates from each accepted respondent. .: '

TIHE RESPONDENTS

The judgments desired were of soldiers who had directed the activi-

ties of many crewmembers, who were famiilia" with current equipment, and

who had recent experience supervising soidiers operating that equipment.

We therefore asked that the questionnaires be administered to students%

attending the Advanced Noncommissioned Officers Classes (ANOC) at the

Artillery, Armor, and Infantry schools. The exact groups of respondents

requested at the Armor and Infantry schools were obtained, but schedul-

ing difficulties prevented the participation of ANOC students at the

16
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Table 1. Disposition of questionnaires.

Respondent Specialty ..

Gun FDC Tank TOW Grand
Crew "rew Crew Crew Total a I

R(:cvond('n t/o. Ie 7.:.e.

Pilot run 8 0 5a 12 .
Full questionnaire 31 24 44 41 140
Post run 0 9 0 0 9

Total administered 39 37 44 41 161

Ru.eron, on Lh li•iminatod

Exclusionsb
Grade <E4 0 4 0 0 4
Time in specialty <12 montlhs 0 1 0 0 1
Supervised <5 soldiers 6 7 1 1 15
Self-disqualified 0 0 0 2 2 .
Missing manuscript 1 0 1 0 2 4

Subtotal 7 12 2 3 24

RejectionsC
Noncompliance 1 0 0 0 1
Estimates at extremes 1 0 2 0 3
Excessive consistency 0 0 1 0 1 e

Reversals 2 3 1 1 7 A
Combined causes 3 1 4 1 9

Subtotal 7 4 8 2 21 0.4

Total eliminated 14 16 10 5 45

Respondents remaining 25 21 34 36 116

aNot recorded.

b
Befoze analysis.

CAfter analysis.

Artillery school. Instead, a number of NCOs from the training cadres at

Fort Sill answered the artillery questionnaires.

At least 24 acceptable respondents were desired for each type of

crew. Since it was not expected that all of the respondents would pro-

duce acceptable questionnaires, our initial intention was to obtain

17
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estimates from about 30 qualified res-pondents of ca,-h type. The tank FrI

and TOW crew samples each contained more than 40 respondents, and each

produced more than 30 acceptable quest ionnaires.

However, at first an adequate number of respo.ndents for artilleryI
crews was not obtained. We started with 31 gun crew and 24 FDC crew

respondents from thle training cadres. After eliminaring the-unaccept-

able respondents, only 21 from the gun crews and 16 from thle FDC crews

remained. Because those numbers were low, qualified respondents were

adlded fron. -- .ot runs of the gun and FDC crews and thle questionnaire

was administered to a second group of 9 rDC crewinembers. Adding ques-

tionnaires from those groups increased thle total numner of acceptable

questionnaires to 25 and 21, respectively (see Table 1). Although the

number of acceptable FDG questionnaires was lower than that desired.

the Pattern of responses gives no cause to reject the body of data as '
unsound. Therefore, the F-DC crew data was in,-]uded in the total of 116

respondents as input for the regression analysis.

THlE (p'-s-riONNAIRH

Thle questionnaire and the procedures for its administration are de-

scribed in Glickman et al. [1983). Briefly, a standard format was used

for cich crew; every paige wais i dent ica I except for thle symp torn dese rip-

tion at the top o)f the p.age (see Fig. I for at typ ical page fe-or the TOW

Crew quest ioilnai re_) . SeVeral tasks were listed, together with the usual

t ime for a we I I clrewmemhe r to perftorm theM (Ta;ble 2) , and the respondent .
wats aisked to i ld(1( atC how long it Would take ai tVp)ital, L-rwmemher to ]
perform ae~l task if that c re(wMLembe r were ;liFffer ing the s~mptoms de-

scr ibed at tie top orf thiatpae 1

The talsks wee c divided iii'O two t~j)t'S about tenl tasks were of thle %J

tvpc tile responidenit had been'I sulicryis jug, aid1( six were ocdi na rv Li sks Fl

lIn ordler to ve'rit y tha~it the queist i onna ire was understa;ndablet to
the potin iat ion froTm whii ch we, intendedI to draiw our sample, we had;idr adin-
ist ered a pre I imninary version1 of the quest iotnia ire to several smai I

g rou ps of gun crew aiid FI)C crew su perv i5iCsos VICi questijonna ire for
tli.i s p ilIot riiii wals a moSt ident ica I to tihe f inal version * w ith a few

di fterences in I nu ige an normal tIinme va ti es * and withI six fewer
svmp) t om compi I e-xN S .
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DESCRIPTON OF ILLNESS:. 415 314 zl
Vomited once or twice; nauseated and may vomit again; exhausted with almost no
strength; unsteady upon standing quickly; extremely dry mouth, throat, skin and
very painful headache; has difficulty moving; short of breath; burning skin and
eyes.

CREW TASKS

Now long do you think it would take a
The usual cremember to do each task if he had

time for these symptoms?

Tasks each task N Amount Could not
CRE TsME ksR is about: Intime of time do it

(sec) at all

SQUAD LEADER - Designate 4 sac
azimuth and target

Comn driver to 2 sac
firing position

CUNNER - Set supereleva-
tion, erect, slew 170* 17 sec
to 10 azimuth

Adjust magnification.
acquire targets, ider,- 7 sec
tify, arm. & fire.

DRIVER- From standstill,
drive forward 40 ft. & 20 sec
stop

LOADER - Reload 60 sec

Rearrange ready rack 60 sec

Target Tracking Accuracy

Estimate the chance of staying on target during the last 6 seconds of flight
(usual chance 902). 2

ORDINARY TASKS5

Climb two flights of stairs 13 see
briskly 1se

Lift five heavy boxes of
books from the floor to a 20 sec
3 ft hiah P.able

1. How many flights of stairs could a crowmember climb
quickly before becoming breathless? flights

2. Nov long could a crewmember keop walking at a brisk
pace before his legs get tired? minutes %

3. Hov many heavy boxes could a crewmember keep lifting
from the floor to a table before he would have to
stop and rest? boxes

4. Hov ling would it take a crewmember to open a simple %
3-number combination lock? seconds

How much confidence do you have in your estimates?

none ot Much Some ALot Cortain

Figure 1. Sample page from questionnaire (TOW crew).
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J

familiar to both military and nonmilitary persons. Four of the ordinary

tasks did not have stipulated normal values. For cross-calibration

purposes, the questions about ordinary tasks with unstipulated norms

were to be included on a questionnaire intended to be administered' to a

group of persons who had exp.erienced radiation sickness from radiotherapy.

Three categories were provided for answers to the questions with

stipulated norms: (1) no increase in time (relative to the usual time),

(2) amount of time (if longer than usual time), and (3) could not do it

at all. All of the questions about crew tasks, with the singLe excep-

tion of the tracking accuracy question on the TOW crew questionnaire,

pertained to the time to perform a task. No account was taken of the

* possible increase in errors that might accompany the increase in time

for a sick crewmember to do a task. AlthougI an increase in errors i.-i

.*. to be expected of a sick crewmember, we found that concept difficult Cor

the soldiers to accept, especially when coupled with the fact that they

viewed many tasks as either being "completed' or "not completed." Since

reliable, consistent estimates could not be obtained from the soldiecs

on that topic without an extensive introductdry discussion, the questions

were framed about time only.

Performance
I, Some crewmember tasks include a fixed time for mechanical equipment

to perform some function. In the questionnaire, the tasks were presented

Swith the human and equipment times combined because the soldiers had

experienced it that way, and discussed it that way when the questionnaire

was being developed. An example is shown in Fig. 1. For the gunner's

first task, "Set superelevation, ere.ct, slew 170 deg (17 see)," the ITV

turret takes 15 see to erect and slew, and it takes the gunner 2 see to

initiate the sequence, so the entire sequence takes 17 sec to complete.

Our interest focused on the 2 see portion for hunan performance. We

therefore deducted 15 sec from both the "usual time" and the estimates
of "time when sick" when we calculated performance.

22
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When thle rep I ies were processed, they coulId be t reated in one of

I, thbree walys:

t- L L he d it foerenlce be tween ''t ime when s4 k'' and ''usualI

t ime.

2. t/t :the rat in of ''time when sick" to ''usual time.''

0

Treait ing thec responses ais Lt / t enabhles per formance to he expressed in

tie iute rvalI ext end ing from 1 . 0 Lo 03, whiere 1 . 0 represents ''usua I time''

and 0) represenlts ''coulid not do it. Usn.t/ aliso accommodates thle

indtefin i te boiinda ry between ''amount of t ime"' and ''could not dto it ."' It.

Ii ~~wais appairent rrom the sold ier s' answers thtat thiat boundary d if fered

widelIy bet we._n respondents. Somec respondents did not give any answers

larger than 30) t imes t lie usualI t ime whereas others gave answers as

la rge as '300 t imes t hic' usualI t ime. fin terms oif the t 0/t scale, however,

tha~it d i f fercuce fall Is between a per f ormalnCe Of 0. 03 and 0. 003 , where the

LA it SLiect tonl is on important.

Symptomi Col.:plIexos

The symptom desc rip tion at thle Ltop of thle quest ionna ire c-an be

represented bv a] six-li g1 itSymp t om comiplIex number, suchI as 415314. Each

1) 1 -1Ce0 in thait cod1e co rresponcds to one oft six symp tom categories, and thle

ValuILe of each digit indicates the severitv level for one of tile symiptoms.

The symptom en tegor icS, ill theW order that they appear in the symptom

cou~pl I cxnumbe r are as folIlows: uipper gastrointestinal cdis tress ; lower

ga st ro jtes tinmui] distress; fat igab ili tv :ind w.eaukne~ss; hypo tens io~n; in-

feet ion * blooed ing , and fever; fluidic loss and e Iec trol1Vt,, imbailance. Thus,

the aibove sample I cole numnber (41 5314) indicates thle fol lowing: no0 effect

for the seCOnld and f ift I symlptom cat egor ies (lower gaistrolintest mal clis-

tress, and infect ion aind bleeding); an effect of severity level 4 for

the first symptom category (uipper gastrointeetinal distress), level 5

-or the third symptom category (fatigability and weakness), level 3

for the fourth symptom category (hypotension), and level 4 for the

sixth category (fluid loss and electrolyte imbalance).
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EXCLUSIONS

The first page of the questionnaire (Fig. 2) was designed to collect

demographic information about the respondents. The complete body of

demographic data is listed in Appendix B, and summarized in Table 3..

A histogram of the demographic responses is shown in Fig. 3. The

vertical dotted line denotes the threshold for exclusion used in Glick-

man et al. [19831. The preponderance of respondents for tank and TOW

crews cluster toward the high end of al. three histograms; "Grade,"

"Time in speoialty," and "Number supervised." Only one rcspondent for

"each of those crews (302, 414) failed to meet the criteria. Respon-

dents for the artillery crews (gun crews and FDC crews), on the other

hand, cluster more closely toward the exclusion thresholds. Indeed,

18 of those respendents failed to meet the criteria. That difference

suggests that the artillery sample was unlike the tank and TOW crew

samples and might perhaps make different Judgments.

Any respondent who failed to meet one of the criteria was excluded.

Some respondents failed to meet more than one criterion. Four were

excluded because their rank indicated insufficient responsibility. Two

"of those four could also have been excluded on the basis of insufficient

time in their specialty. One other respondent was excluded on the basis

of both insufficient time in his specialty and insufficient supervisory

experience.

In all, 15 respondents reported insufficient supervisory experience.

But there wa ; one peculiar aspect of responses to tile question about

supervisory expel ience; some responldent s with I10 years in their specialty,

for example, claimed to have supervised only 10 or 20 crewmembers. Most

respondents with that much experience claimed to have supervised more

than 50 crewmembers. It may be that some respondents interpreted the

iThe respondent numbers are given here to permit readers to examine
the demographic data for each excItided respondent, which are listed in
Table 3, and to examine the full set of answers from each of the 21 re-
jected respondents listed in Appendix 1). Each respondent is signified
by a three-digit code, with the first digit indicating the type of crew
they had supervised (see Table 2). Gun crews are designated as 1, FDC
crews as 2, tank crews as 3, and TOW crews as 4. The last two digits
indicate the ordcr in which the respondents completed the questionnaire.
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To help us undeistand the characteristics of this group we are asking

you to supply some information about your militaty experience. Please note

that all your questionnaire responses will be strictly anonymous and there

will be no attempt to link these responses to you as an individual. The

answers to the information below will be used only for descriptive purposes.

Please supply the following information about yourself:

Your present grade and MOS?

How long have you been in the Army?

How long have you been in anti-armor?

Have you been in combat? Yes_ No _ _ en

Have you been in anti-armor combat? Yes No

When

Have you served as a: When? How long?

Squad Leader

Gunner

Loader___________________________________

"Driver Loader

Approximately how many crewmen have you supervised in Mounted TOWs?I 2 5 10 20 50 More than 50

Briefly describe your military duties during the past year:

Figurd 2. Sample of demographic data sheet.
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Table 3. Demographic summary.

Time Number Time NumberRespondent Grade (months) Supervised Respondent Grade (months) Supervised

101 5 36 5 211 Id 121 5
102' 5 96 5 212 5 42 5S103 a .b 5 31 5 213 5 48 --
104a 6 120 10 214. 6 84 10
1• 05a 5 51 20 215 4 30 5

106 a 5 120 5 216 5 54 to

t07a 5 60 10 217c 6 102 2c
108a 5 46 5 218 7 192 >50
10 9 a 6 120 10 219cle 4 1Ie 0c

110 5 72 10 220 5 48 10
III 5 50 20 221 5 12 5

112 5 39 5 222c 5 62 2c
113 5 96 5 223 4 48 5
114 5 48 10 224 4 24 5
115 6 48 10 225 4 25 5
116C 5 42 2c 226c 6 108 0c

117 4 32 -- 227 6 60 10
118 6 120 10 128 7 156. <50
119 7 177 10 229f --.. .
120 6 96 50 230f .. '

121 5 ft12 10 231'g 4 24 2C
122 5 40 5 2 3 2g 4 30 5
123c 5 84 oc 2 3 3d g'h 3 d 12 . h
124 5 72 5 2 3 4 c'g'h 4 12 0c',h
125c 5 48 0c 2 3 5g 5 36 5

126 6 24 5 236g 5 48 --
127 5 46 20 2379 4 30 -
128 5 14 5 2389 4 30 10
129c 5 48 oc 239c,g 4 30 2c
130 7 156 10 301 6 96 20

131 7 144 >50 302c 6 60 0c
"132 5 40 5 303 6 96 >50
133 5 36 5 304 6 84 >50134 5 30 20 305 6 166 >50

135c 5 30 oc 306 6 108 >50

"-136c 5 52 0' 307 6 96 10
13I 6 84 5 308 7 84 >50
138 5 36 10 309 6 60 >56
139 6 84 10 310 6 96 20

2 0 1 a 7 72 10 311 6 120 >50
2 0 2 a'c'de 3 d 9 e 0c 312 6 108 20
203a'c 4 28 oc 313 6 120 50
204' 4 62 5 314 6 108 >50
205 4 28 5 315 6 102 50
2 0 6 cde 2d 6 e 0c 316 6 84 20
207 5 24 5 317 6 96 20 P
208 4 30 -- 318 7 90 >50
209 4 29 5 319 6 108 50
210 6 60 10 320 6 126 >50

26
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Table 3. Demographic summary (Concluded).

Tim. Number Time Number
Respondent Grade (months) Supervised Respondent Grade (months) Supervised

321 6 133 20 416 7 72 >50
322 7 72 >50 417 6 54 >50
323 6 132 50 418 6 108 >50
324 6 96 >50 419 6 72 >50
325 6 126 >50 . 420 6 96 50

3261 6 78 >50 421 6 84 so
327 6 96 20 422 6 72 50

- .328 6 72 s0 423 6 126 50
329 6 120 >50 424 6 36 >50
330 6 120 20 425 6 132 >50

331 7 174 50 426 6 104 20
332 6 96 >50 427 6 96 50
333 6 138 >50 428 6 96 50
334 6 160 20 42J7 72 20J

335b 6 101 >50 430 7 60 >50

336 6 126 s0. 431J 6 36 iOi
337 6 132 >50 432 Is 60 >50
338. 7 135 >50 433 6 84 >50
339 6 120 )IS0 434 7 72 10

3417 132 >50 435 6 84 >50

341 6 120 >50 436 6 72 20
342k 7 132 >50 437 6 84 >50
343 6 126 50 438 6 84 50
344 6 96 20 439 6 48 20

401 6 60 >50406 540
402 6 132 >50 441 6 36 >50
403 E 6 120 10
404 6 120 s0
405 6 120 >50

406 1 6 108 50
407 6 68 20
408 i 6 72 50
409 6 48 20
410 . 7 204 >50

411 6 84 20
*412 6 96 >50
413 6 48 s0o

414c 6 36 O
415 6 102 s0

NOTE: Respondent numbers consist of a single-digit crew number (see Table 2)
and a two-digit number indicating the order in which respondents finished ch~
questionnaires.

aPltquestionnaire.

b Mnuscript missing; respondent excluded.

CeS supervised; respondent excluded.
dE;respondent excluded.

e<12 months; respondent excluded.
f Questionnaire not administered.

gPostrun; symptom complexes in reverse order.

h Disqualified self--no experience.
1 
USMC.

11WtT experience.
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question to be "How many cre•,memhers have you supervised cit am•i•oc

t i' r?" In that case, a tank platoon sergeant would clain. 20. And,

indeed, the tank crew respondents do show a bimodal distribution, per-
haps due to that interpretation of tile question. A bimodal distribu-

tion of number supervised also appears for the gun crews and FDC crews.

That possible misinterpretation did not have any serious consequences

for the tank and TOW crew saimples, as they' lost only one respondent

each. However, the gun crew and FDC crew samples lost 6 and 7 respon-

dents, respectively. Those figures represent a loss of 16 and 21 per-

cent of the gun crew and FDC crew samples, as opposed to 3 percent of

the tank and TOW crew samples.

Two of the respondents (429, 431) disqualified themselves. They

noted on their demographic' sheets that, although they had antiarmor

experience, they did not feel qualified to make estimates about the TOW

crews because they had had no ITV experience.

In two cases. manuscript questionnaires were missing. Responses

from one respondent (103) had been transcribed into the data base.

But the computer cata could not be checked against the manuscript; thus,

that respondent was excluded. In the other case (335), no responses v
hod been entered into the computer, so the respondent was excluded.

REJECTIONS

Unlike the excluded respondents, who were eliminated before their

naflwers were recorded, rejected resnondents were eliminated on the basis

of tile answers themselves. The reasons for rejecting those respondents

fall into four categories: (1) noncompliance with the instructions,

(2) concentration of answers at the extremes, (3) excessive consistency,,

and (4) reversals. Some respondents were rejected because of a combin- /
ation of those factors. The rclected respondents' answers are shown in /

Appendix D.

Noncomp I ian(,e

One of the respondents (124) did not comply with the instructions S
to estimate the amount of time for a sick crewmember to perform eacht

task (see Fig. 1). He marked the first sheet of his questionnaire

29
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correctly, but all of the subsequent sheets contained checkmnrks in

column 2 instead of numerical estimates. Sol,,e respondents occasionally

entered ;.sk times that werc less than the usual time. Those entries

were recorded as "no reply." In cases where they were numerous, how- L

ever, they were considered, together with other nonresponsive answers,

a'; one o0 the combined causes of rejection.

Ext remes

Three respondents (I13, 301, 304) submitted estimates that were2

predominartly at either of ;:he two ends of tile performance range: "no .

increase in time," or, "could not do it at all," with very few esti-

mates in the range of degraded performance between the two extremes. • .

That pattern was inconsistent with the pattern of the other respondents,

who produced estimates indicating that they expected many of the symp- ,A

torm complexes to cause performance to be partially degraded. ,. .

Excessive Consistency

One respondent (303) was found to respond to many symptom complexes

with the usoal time for each different task multiplied by the same con-

stant, or with the same constant added to the usual time for many dif-

ferent tasks. That respondent was removed from the sample because his

estimates apply to the effect of the symptom complex on performance in

general , rather than to tile effect of the symptom complex on the per-

formance of particular tasks.

Combined Causes

Eight respondents (115, 121, 218, 307, 309, 316, 338, and 403) were ,.\. \

found to have many instances of excessive consistency, but not enough to

provide conclusive grounds for rejection. When combined with other

causes, each also individually insufficient for rejection, excessive con-

sistency and the other combined causes do provide conclusive grounds for ,.

rejection. One respondent (403) was rejected for combined causes, plus

reversals. Reversals are computed in a way that precludes adding the

percentage of their incidence to the percentage of the incidence of other

rejection caiiies. %
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Reversals

After removal of the extreme and consistent respondents, the esti-

mates were reviewed to identify those instances where pe-formance im-

proved when sickness intensified. A few such instances should be

expected for each respondent because (1) time was not provided for the

respondents to cross-check their estimates, (2) the format'of the ques-

tionnaire did not facilitate cross-checking, and (3) the questionnaire

did not suggest cross-checking.

For each respondent, performance estimates were compared with tasks P
Z-1

where the symptom complex differed in only one symptom, which we called

an adjacent symptom complex. For example, a respondent's estimate for ...,

symptom complex 312111 would be compared with his estimates for symptom

complexes 212111, 412111, 313111, and if no comparison with 313111 was

possible, 314111. If the estimated performance for the adjacent symp-

tom complex was the same, it was not counted. If It was different, it

was counted as an "opportunity" (to detect a reversal). If the respon-

dent had estimated that the more serious symptom produced higher per-

formance than the less serious symptom, it was counted as a "reversal."

The number of reversals was compared with the, number of opportunities

to obtain the percentage of reversals.

There are no clear cases where the percentage of reversals by a ,.*

particular respondent approached or exceeded random guessing (50 per-

cent). Six respondents (106, 138, 232, 238, 438) were rejected because

the percentage of reversals indicated that heir replies were not con-

sistent with the intended graduation of symptom complexes.

QUESTIONABLE SYMPTOM DESCRIPTIONS

The percentage of reversals was also us d as an index to judge the

clarity of the symptom complex descriptions. That analysis showed that _ -

some symptom complexes produced many more rev rsals than average. A

case in point is symptom complex 411111, whicl• should be considered with

care in any further analysis. We sought to resolve that and other un-

certainties by revisiting the military facilities where the initial

questionnaires were administered, and giving follow-up questionnaires

to all of the original respondents still available.
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To detc•rmine if tile order of present;ition of the Symptom complexes

had any effect upon the estimates of the respondents, the number of rever-

sals were plotted against order of presentation. The plot, with lines
connecting complexes of similar sylmptom groupings (Fig. 4), -;hows a pro-

nounced learning curve with three characteristics: (I) the respondents

made 10 percent more reversals onl tile first page of thle questionnaire

than they made on the worst of tlit )ther pages; (2) the respondents made

more reversals the first Lime they encountered a symptom comhination than

they did on subsequent encounters, and, in general, the more times they 4

encountered a symptom combin:;iJon the fewer reversals they made; (3) the

ability of the respoadenats to accommodate new symptom combinatiions

appeared to deteriorate with increasing length of questionna ire.

Al though the first symptom complex (41111 ) usually engendered

more reversals than other symptom complexes, the difference between

that symptom complex and the next worst complex was insufficient to

justify deletion of all replies for complex 411111. In their indica-

tion of the conf i.dence that they had in their estimates, the respon-

dents did not show an awareness of the learn ing curve effect.

INTERPRETATION OF SYMPTOM DESCRIPTIONS

In the follow-up questionnaire, the respondents were asked how thcy

interpreted our symptom descriptions. Figure 5 shows the format used to -.

ask that question, and Figs. 6 through 13 are bar graphs of their answers.

The bar graphs indicato that the different grourn:, of respondents

sometimes said they interpreted the symptom des.criptions quite differ-

ently. The less severe upper gastrointestinal distress symptom in Fig.

6a. for example, was correctly interpreted by about 80 percent of the TOW

crew respondents so that "vomited once or twice; nauseated and may vomit

again" meant that a creinember did not vomit during the task in question,

but only about 20 percent of the tank crew respondents said they gave . -.

the description that interpretation. The more severe upper gastroin-

testinal distress symptom in Fig. 6b was correctly interpreted by only --
25 to 30 percent of the respondents. However, the upper gastrointestinal

distress question was the first on the follow-up questionnaire, so we .

suspect thpt it is likely to have more errors than subsequent questions.
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All coews TOW only s,..
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Order of symptom complex presentation

Figure 4. Learning curve.
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WIEN WE SAID: DID THAT MTEAN TO YOU: (Check one) •'

Vor~ited once or twice; nausea- Vomiting occurred during the cask

ten and may vomit again Vomited before and after but not

during the task Jj,-, t

Vomited several times, in- Vomiting occurred during the taskeluding the dry heaves; ......
s lud nte yeates Vomited before and after, but not

severely nauseated and will during the task .

soon vomit again,, , . % ."

Occasional diarrhea, recently Defecating during the task "

defecated and may againnoDefecated before and after, but

not during the task L .

Frequent diarrhea and cramps, During the task:I)
defecated several times and Defecated
will again soon

Had cramps

Bo0th i
Before and after, but not during I
the tasgc:

Defecated

Had cramps

Both

Doesn't want to eat Must be pretty sick

Doesn' t matter ,..

Difficulty in stopping any Bleeding
bleeding Not bleeding

Doesn't matter

Figure 5. Questions on symptom descriptions.
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Unsteady upon standing quickly Loaders are unsteady

5 Loaders are not unsteady

Taxuk commanders are unsteady

Tank commanders are not unsteady

Faints upon standing quickly Loaders faint

Loaders do not faint

Tank commanders faint

"Tank commanders do not faint

Weak and faint Faints

If careful, can keep from fainting

Doesn't faint

Only loaders faint

SMay faint with moderate Faints

ertion If careful, can keep from fa.nting

"Doesn't faint

Only loaders faint

Joints ache Affects everybody

Affects only those who have to move"• ~around a lot

I Affects only those who have to move

heavy, objects

Doesn't matter

Figure 5. Questions on symptom descriptions (Continued).
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"Aches all over Affects everybody'

Affects only those who have to move
around a lot

Affects only those who have to move
heavy objects

Doesn't matter

Has difficulty moving Affects everybody

Affects only those who have to move
around a lot

"Affects only those who have to move
heavy objects

Doesn't matter..

Headache Affects aiming and tracking targets

Affects calculating

Affects attz.ntion and concentration

Affects aggressiveness

Doesn't matter

Very painful headache Affects aiming and tracking targets

Affects calculating

j Affects attention and concentrationt Affects aggressiveness

Doesn't matter

Figure 5. Questions on symptom descriptions (Concluded).
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I a. Vomited once or twice

Gun

0 FDC ol

C.)Ta, ik

TOW.

0 20 40 60 80 100

Percent responses

b. Vomited several times

Gun

STank

o 20 40 60 80 100

Percent responses

Vomited before and after Vomited during

(correct interpretation)

Figure 6. Interpretation of tipper gastric syiiptoiis.
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Gun

SFDC
.-

Q Tank

TOW

0 20 40 60 80 100

Percent responses

Defecated before and Defecated during
after (correct interpretation)

Figure 7. Interpretation of lower gastric symptoms:
occasional diarrhea.
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a. During the task

Gun

sFDC

U Tank.

TOW

0 20 40 60 80 100

Percent responses

SCramps Both
(correct interpretation) EJDefecated

b. Before and after, but not during

Gun

FDC

Tank

TOW

0 20 40 60 80 100

Percent responses

SBoth RNCramps
(correct interpretation)Decad

* L.. Defcate

Figure 8. Interpretation of lower gastric symptoms: frequent
diarrhea and cramps, defecated several times and will
again soon.
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a. Doesn't want to eat

Gun

FDC

. Tank

.P" TOW

0 20 40 60 80 100

I •Percent responses

- Must be pretty sick Doesn't matter
(correct interpretation)

b. Difficulty stopping any bleeding
1.!4

Gunu

FDC

* u Tank

TOW

0 20 40 60 80 100

"Percent responses

*Not bleeding Bleeding
(correct interpretation) Doesn't matter

Figure S. Interpretation of anorexia and bleeding symptoms.
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The less severe lower gastrointestinal distress symptom (Fig. 7)

was correctly interpreted by about 80 percent of the respondents, for all

crews except the tank crew, where about 45 percent of the respondents

interpreted the description correctly. The more severe lower gastroin-

testinal distress symptoms were correctly interpreted by 20 to 60 percent

of the respondents for the period during the task (Fig. 8a). On the other

"hand, for the period before and after the task (Fig. 8b), the symptom was

correctly interpreted by 75 to 100 percent of the respondents.

Figure 9 shows that 60 to 75 percent .-,f the respondents interpreted

anorexia as we had intended, but only 15 zo 35 percent of the respondents

correctly interpreted "difficulty in sr.•pping any bleeding."

Correct interpretation of the less severe hypotension symptoms

(Figs. lOa and b) varies from about 60 to 100 percent, except for the

TOW crew respondents' interpretation of tank commanders (i.e., TOW squad

leaders) fainting upon standing quickly (Fig. lOb). Correct interpre-

tation of the more severe hypotension symptoms (Figs. JOc and d) fell

between 60 and 85 percent for respondents from all crews.

Between 45 and 85 percent of the respondents correctly interpreted

the reduction in loss of mobility that accompanies infections (Fig. 11).

The other respondents usually said there would be some effect, but many

FDC crew respondents (20 to 40 percent) said that mobility difficulties

would not matter. That answer may reflect the sedentary nature of oper-

ations within the FDC" during those times that the FDC is directing fire

rather than moving from place to place.

Unlike the interpretation of the effects of hypotension, which

appears to be crew-related, the general effect of headache (Fig. 12) is

interpreted by the respondents to affect performanceof all crews, but

particular effects (Fig. 13) are assessed to apply less to activities

that the crew does not perform. For example, the gun crew does aiming

but no calculating, and the FDC crew does calculating but no aiming and

"tracking. Respondents from those crews estimated that there would be a

significant (40 to 65 percent) headache effect on the kinds of activ-

ities their owli crew performed, and little or no headache effect (0 to

2 percent) on the kinds of activities their crew did not perform.

41 ;
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a. Unsteady upon standing qu.ckly

Gun

SFDC

. FDC Not applicable
4-0

STank
TL

TOW

0 20 40 60 80 100

Percent responses

or @ Unsteady (correct

interpretation)

F Not

b. Faints upon standing quickly

Gun L

SFDC Not applicable

L
( Tank

L
TOW

T
0 20 40 60 80 100

Percent responses

L = Loader N ur 03 Faints (correct
T = Tank commander interpretation)

U Not

Figure 10. Interpretation of hypotension symptoms.
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c. Weak and faint

Gun

SFDC

.O Tank

TOW

0 20 40 60 80 100

Percent responses I

d. May faint with moderate exertion

Gun

C. FDC

U Tank $

TOW

0 20 40 60 80 100

Percent responses

If careful, can keep [1 Doesn't faint
from fainting
(correct interpretation)

EN Only loaders fai F Faints

Figure 10. Interpretation of hypotens,.rn symptoms (Concluded).q
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a. Joints ache

Gun

OFDC K

Tank

TOW ''. . . . '

0 20 40 60 80 100

Percent responses

b. Aches all over

Gun ••

0FDC
CL

oTank VX'• \N.

0 20 40 60 80 100

Percent responses

[J Affects everybody = Affects only those who
(correct interpretation) move heavy objects

Affects those who F71 Doesn't matter
move a lot

Figure 11. Interpretation of infection symptoms (mobility).
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c. Difficulty moving

Gun ,.i : ,

SFDC

STank

TOW

0 20 40 60 80 100

Percent responses

Affects everbodv Affects only those who
(correct interpretation) move heavy objects

Affects those who [] Doesn't matter
move a lot

Figure 11. Interpretation of infection symptoms (Concluded).
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a. Headache1

Gun

( Tank

TOW

0 20 40 60 80 100

Percent responses

b. Very painful headache

Gun ¶

FOC
4-

U Tank

TOW

0 20 40 60 80 100

Percent responses

Affects at least one of [] Doesn't matter
indicated activities
(correct interpretation)

7.
Figure 12. Interpretation of headache symptoms.
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a. Headache .

TV

G

G

TOW

0 20 40 60 80 100

Percent responses
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Unfortunately, the number of respondents who answered the follow-up

questionnaire for the artillery (6 for the gun crew and 10 for the FDC

crew) was much smaller than for tile tank and TOW crews (27 and 40).

Consequently, the follow-up questionnaire does not permit a confident

assessment of the effect of symptom interpretations upon the answers

of the artillery respondents.

Also, that part of the follow-up questionnaire required the respon-

dents to recall the opinions they had acted upon some 2 months pre- k

viously when they filled in the questionnaire. It may be that the in-

terpretations were less obvious to the respondents when the symptom 4
descriptions were embedded in the fabric of the questionnaires than i'hey

were when explicitly described by the follow-up questionnaire.

TASKS WITH UNSTIPULATED NORMS

Six of the tasks in the original questionnaire were ordinary (non-

military) tasks, as opposed to combat crewýtasks. The ordinary tasks

concerned climbing stairs, walking, carrvigg boxes, and opening combin-

ation locks (see Fig. 1). Four of those ordinary tasks had no "usual"

reference times stipulated. In administering the questionnaire to TOW

crewmembers, we asked them to stipulate their own estimates of "usual"

values for the performance of a typical crewmember when unaffected by

sickness. We then compared their estimates for best performance of

those ordinary tasks by a sick crewmember with their estimates for per-

formance by a well crewmember. Figure 14 shows how the responses were

typically distributed. About one-third of the estimates of best perfor-

mance when sick were equal to performance when well, which is reasonable.

Such a finding indicates that about one-thira of the respondents believed

that at least one of the symptom complexes would cause no deterioration

in normal performance.

Somewhat less than one-half of the respondents estimated that best .,-

performance when sick would not exceed performance when well. That too V*.

is reasonable. But somewhat more than one-quarter of the respondents Ile.

estimated that sick performance, for at least one symptom complex, would

exceed well performance. A possible explanation is that those respon-

dents did not recall the precise estimate of well performance that they
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180 0

150

S120 28%

of respondents made estimates
in which best sick p "formance
exceeded well performance % of respondents made estimates in which best

.> sick performance matched well penirmance

E 90
E
x

-'. 60 *41% of respondents estimated that best
*" " sick performance never exceeded

J *.(• / well performance

30

* "I 10 0

.00\ 5

.; 0 ,- 0 I I ,, II

0 30 60 90 120 150 180

Stipulated value

Figure 14. Tasks with unstipulated norms: "How long could a

crewmember keep walking . . .?"
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specified at the beginning of the questionnaire. Such a lack of recall

may have permitted them to make subsequent estimates of sick performance

that exceeded their estimates of well performance.

That kind of reversal did not occur in significant numbers for the

two ordinary tasks tor which the usual times were stipulated on the

questionnaire. lie thus conclude that: (1) up to 25 percent re versals

should be anticipated and be regarded as normal, and (2) the use of

questions with unstipulated norms should be avoided.

4 SINGLE SYMPTOM

7 The regression analysis of Sec. 3 was intended to fill the gaps in

the sequence of symptom complexes because there was not time to ask the

soldiers to estimate performance for all of the probable complexes. The

* estimates that we did obtain from the soldiers can be plotted to show how

patterns of perform~ance change with the increase in severity of a single

symptom in a complex. This subsection explains that process, and shows

that the soldiers estimated that,. in most cases, performance declines

fairly uniformly as symptom intensity increases, so that a linear regres-

sion to fill the gaps between estimates is a reasonable procedure for

most of the individual tasks treated here.

The symptom complexes are descriptions of discrete sickness states.

Each symptom level is intended to be more severe than the preceding

level, but was not intended to be a regular increment along some scale.

Also, the scales do not imply that performance at any particular symp-

tom level is necessarily worse than that at the preceding symptom level.

It was expected that In some instances performance might remain constant

as symptom intensity Increased, particularly in cases where the increase

in severity occurs in a symptom that does not have a strong influence

on the task being plotted. In fac~t, the soldiers estimated that this

would happen in several instances.

Furthermore, it was expected that, in some instances, performance

might decline more drastically from one symptom level. to the next than

for the preceding or following symptom level. And, in fact, the soldiers

estimated that this would happen in several instances, as shown in Appen-

dix C. Those plots compare performance estimate.- for two or three
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symptom complexes where symptom severity levels differ in only one symp-

tom, and severity levels for all other symptoms in the complex are hcld

constant. Figure 15 is an example of a single-symptom plot showing the

estimated per-formance of a typical tank crew loader for symptom complexes

411111, 41211-, 413111, and 414111. Because the severity level for only

one symptom category (fatigability and weakness) changes in this coM-

parison, performance should either decrease or remain the same as the

level of fatigability and weakness increases. And it does just that in

this case, as in most of the plots in Appendix C. Figure l6, an ex-

ample of the format used in Appendix C, shows the single-symptom plots

for both the tasks performed by the tank crew loader.

VARIANCE

If our description of symptoms was ambiguous, we should expect to

see some consistency in the occurrence of wide interquartile ranges for

one symptom complex at many tasks. Such consistency occasionally occurs.

* The most pronounced cases are listed in Table 4. However, there is no

occurrence of consistently wide interquartile ranges for all tasks with

any of the symptom complexes, so we can conclude that the symptom de-

scriptions do not contain serious ambiguity.

DATA BASE FOR PERFORMANCE ESTIMATES

The performance data base used for the performance regression

analyses, described in Sec. 3, is cc-posed of the soldiers' estimates,

with the exclusion and rejection of the respondents identified in this

section. We believe that the data base represents the aggregate pro-

fessional estimate of soldiers who are expert in supervising crewmembers

performing the tasks described on the questionnaire, and that the most

serious of the spurious estimates have been filtered out of the data.

*i

I Sl
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* Crew 3: tank crew - Median
Position 3: loader - Quartiles
Task 9: load and arm - - - - Extremes

1.0

* 0.75

6 0.50

*~ :0.25%

411111 412111 413111 414111

Figure 15. Example of single symptom description.
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112111 C O
113111
114111

111121 2

112121 0C
113121 * S

'" 3
111131

112131
113131

123111
224111 /
211111 0 " 0

212111
213111 ..

311111
312111
313111
314111

411111
412111 J
413111
414111

114112
214112
314112414112 ' /\
214113
314113 .

313112
314112
513111 /1/ I/
514111

525111
535111 I/

* 314111
334231 0 0

414112415314 •,i

315113

Figure 16. Example of a series of 515223 "\ /
single symptom plots 514111 /i
for all tasks in one 515311
crew position. 515311
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Table 4. Widest interquartile ranges.

Symptom Median Interquartile
Complex Crew Task 0 Range

111131 4 3 0.40 0.87 ,
113111 1 6 0.50 0.78
114111 3 1 0.42 0.80

5 0.42 0.75
114112 4 5 0.57 0.80
123111 1 7 0.50 0.7.3

11 0.60 0.70

211111 1 6 0.40 0.80
9 0.75 0.70

213111 3 1 0.50 0.73
5 0.50 0.73

214113 4 5 0.50 0.80
224111 1 7 0.60 0.75

3 1 0.33 0.77
33 0.46 0.73
3215 30.33 0.84, 8 0.50 0.73

431111 3 5 0.50 0.75
312111 3 1 0.33 0.75

4 3 0.40 0.80
313111 2 8 0.60 0.70
31114 3 0.40 0.80••313112 3 8 0.50 0.77

\ "314112 3 8 0.33 0.80

314113 1 2 0.48 0.72
4 0.48 0.70

3 6 0.52 0.72
7 0.48 0.74

10 0.45 0.77
334231 1 2 0.47 0.70

4 0.47 0.70
\% 3 6 0.52 0.75

7 0.46 0.70
0.33 0.88

411111 4 4 0.40 0.80
412111 1 1 0.55 0.70

10 0.75 0.70
414111 1 7 0.60 0.81

3 I 0.33 0.80
5 0.33 0.80
8 0.50 0.75

414112 4 3 0.50 0.72

"" 513111 1 7 0.60 0.83
10 0.50 0.77

3 1 0.33 0.82
5 0.33 0.80

514111 1 7 0.38 0.77
515311 3 8 0.33 0.90 /
521111 1 7 0.75 0.71 //

8 0.45 0.27
10 0.75 0.70

3 5 0.33 0.80
tt8 0.42 0.73

.•4 3 0. 40 0.•87
515223 2 3 0.60 0.85
525111 1 2 0.48 0.70

3 0.47 0.70
4 0.52 0.72

3 6 0.40 0.83
7 0.31 0.70

4 5 0.51 0.80
N 535111 3 6 0.40 0.73
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SECTION 3

PERFORMANCE REGRESSION ANALYSIS

This section describes the procedure used to develop li.near least

squares regression models based upon the army questionnaire data dis-

cussed in Sec. 2. The models provide the means to (1) fit smooth curves

to the original data, (2) generate consistent predictions of performance,

(3) interpolate and extrapolate performance for symptom complexes other

than those from the questionnaire data, and (4) assess the relative im-

* portance of each of the specific symptoms in the complexes.

Since the original data consist of estimates of tine required to

complete a task', a consistent method of converting those estimates to

relative performance values is needed. Additionally, a procedure had to

be developed that combines data for several different tasks into a single

set of estimates for a given crew positison. The regression analysis used

here fits selected models to the data. It provides relationships for

estimating performance and the associated variances in fitting the data.

The performance values that we calculate with the models can then be

applied to a dose/time mapping framework (Sec. 4) to yield predictions

of overall performance as a function of dose and time.

As discussed in Sec. 2, army personnel were asked to answer questions

regarding the length of time it would take crewmembers to perform normal

combat tasks if experiencing specific physiological symptoms. Each

given combination of those sympt oms is referred to as a symptom complex.

'-.4*Questionnaires presented to members of artillery gun crews, artillery
FDC crews, and tank crews contained 30 different symptom complex descrip-

tions; the mounted TOW crew questionnaire contained ten additional symp-

tom complex descriptions. Table 5 gives summary information on the

4 structure of the questionnaire data used in the regression analysis. A

more detailed summary of task descriptions, reference performance times,

and numbering is provided in Table 2.

Regression analysis of the performance data was done with the SAS

[Ray et al., 1982] and STATLIB [Brelsford and Relles, 19811 software

* 55,
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Table 5. Combat crew summary for regression analysis.

Number of Number of
C Respon- Symptom

Combat Crew dents Complexes Crew Position Tasksb

1--Artillery, gun 25 30 1--Chief of section I

2--Gunner 2, 3
3--Assistant gunner 4, 5
4--Loader 6, 7, 8,

9, 10, 11

2--Artillery, 21 30 1--Fire direction
fire direc- officer 1, 2, 3
tion center 2--Horizontal

control
operator 4, 5, 6

3--Computer 7, 8

3--Armor, tank 34 30 I--Tank commander 1, 2, 3, 4
2--Gunner 5, 6, 7
3--Loader 8, 9
4--Driver 16

4--Antiarmor, 36 40 1--Squad leader 1, 2
mounted TOW 2--Gunner 3, 4

3--Driver 5
4--Loader 6, 7

"Numbers refer to indices used in computer codes.
See Table 8 for task descriptions.

systems. Those software systems provide comprehensive diagnostic options

that guide selection of the model appropriate for the questionnaire data.

A discussion detailing the regression analysis procedure is given in

Appendix F.

INPUT DATA

Since the fundamental response varianle obtained from the question-

naires was the estimated time t required to complete a task against a

stated reference time to, the basic index chosen as a measure of perfor- 4.

mance was the ratio of the reference time to the estimated time (t 0 /t)

to perform a particular task when experiencing acute radiation symptoms.

If we make the following index assignments, ignoring any particular
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combat crew: i for respondent, j for task, and k for symptom complex, U

then tik given in Appendix A, represents the performance time estimate

provided by the ith respondent for the jth task, given the kth symptom

complex; t 0 j (given in Table 2) is the reference time for performing the 0

jth task. Recalling from the response options provided in the question-

naire (discussed in Sec. 2 above), values for task performance are

assigned based on the assumptions shown in Table 6.

Table 6. Performance index.

Questionnaire Response ti /tijk

Could not do it at all 0
(assumes t =

ijkjk

Increase in time (i.e., 0 < (t 0 J/t < 1
t "< tijk < 0) €"ij

No increase in time I
(assumes tik t .)

ijk 0i

In performing the regression analysis for tasks, values of the per-

formance measure specified f the dependent variable include averaging

over respondents. Averaging the data guarantees that the performance ",

dependent variables for the task and positions lie between zero and one,

but are not equal to either one or zero, shown in Appendix E. That con-

dition makes it possible to appliy the logit transformation for the de-

pendent variable in modeling the data for the regression analysis. The

logit model, which is a logarithmic transformation of the dependent vari-

able, is attractive for application to the fractional type of data we

have, since the relationships guarantee that a I predicted performance I

values lie within the interval (0 1).

For the jth task, the perfor ance measure is the average over N

respondents for a particular crew, i.e.,
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where, based on the assumptions above, 0 < (toj/tj) < 1. Values of
0jijk1

P are given in Appendix E, where 0 < P) < 1.
,k jk

For a given crew position, where a crewmember may perform more than

a single task (see Table 5), the measure of performance is assumed to be

the ratio of the sum of reference task performance times to the sum of

average estimated times to perform the tasks when experiencing acute .

radiation symptoms, or

Sto] I-
k- "1= 0 < P < 1 (2)

k P2,t

j=l

"1'

where the estimated time to perform the task (with symptoms) is

t Pjk , tjk (3) -
jjk

The P values, given in Appendix E, are input for analyzing the relation-
kships that predict individual performance for each creuwmember position.

LINEAR REGRESSION MODELING

We limited regression analysis to linear models, assuming that per-

formance can be expressed as some function of a linear combination of I
the factor (explanatory) variables, i.e., symptom severity levels. The

six basic symptom complex variables are designated as follows:
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X,= Upper gastrointestinal distress (UG),

x2=Lower gastrointestinal distress (LG),

x3=Fatigability and weakness (FW),' ;
x4= Hypotension (HY),

x5=Infection, ble2ding, and fever (IB),

x Fluid loss and electrolyte imbalance (FL),

where each x-variable takes on integer values (corresponding to severity

level) from 1 to 5. The implicit assumption is made that, given une of

the six symptom categories above, severity can be represented in integer

multiples. Whether or not that assumption is precisely true was not

*determined with the linear regression models employed here. It would

* require complex generalized nonlinear regression analysis, which is

beyond the scope of the present effort. Moreover, limitation on the

number of symptom complexes allowed in the questionnaires and the selec-

tion guidelines followed, based on dose and time considerations, evolved

a data set that probably lacks the quantity and type of information re-

quired for such an analysis.

Considering only 30 to 40 complexes and possibly a large number of

independent parameters p, would place a severe limitation on the number

of degrees of freedom available (30 to 40 minus p). More balance in the

data is also required, and entails expanding the variety of severity

levels across symptom complexes. The symptom complexes selected for the

combat crew questionnaires and the data that the present analysis is- -

based on, favors the UG, LG, and FW symptom categories where severity

level integers that are greater than one appear more frequently than HY,*
lB, and to a lesser extent, FL.

In addition to the data limitations and additional compilexity re-

quired, we did not employ nonlinear regression modeling because we judged

that the data could be reasonably represented by a linear model. That

model may be expressed as follows.

If performance measure is designated by Pk which corresponds to the

kth symptom complex, e.g., for either crewmember position P k or task P jk'

the linear regression model can be expressed as

59



B

pkxk8 +k , 1 e.,k "k ýk k(4)

where xk (1, Xkl, Xk 2 , •.•, xk6) is a vector of integers (1 g Xk• : 5)

denoting symptom severity level for the kth symptom complex and ith symp-

tom category. The weight a' -(80 1 ....0, 06) is a vector of regres-

sion coefficients that are estimated. Both x' and 8' (transpose of 8)
each contain seven (p = 7) components corresponding to the six symptom

categories.discussed above plus the intercept. If additional paramet cs

are to be estimated such as may be required for quadratic models that
2include squared (xk ) and cross-product (XkXk) terms, then the vector ,\

lengths may be larger than seven.

Linear quadratic model forms were applicd to the data to Investi-

gate how well a prediction relationship, including squared and cross-

product terms, could represent the data. Based on that analysis (dis- L1

cussed in Appendix F, "Transforming Factor Variables"), we concluded that

a quadratic form cannot be developed to model the data for predicting

individual performance. The main problem uncovered from the regression

diagnostics was multicollinearity (i.e., linear combinations formed by

the independent variables). Certain quadratic and cross-product terms

form linear combinations with the original six symptom categories, re-

suiting in a noninvertible (X'X) matrix. That difficulty arises pri-

marily from the lack of balance in the data set mentioned above.

In linear regression modeling, a usual assumption is that the error

terms k = Pk - x1' (actual values minus conditional mean values) are

independent, have a common variance, and are normally distributed with
2a mean equal to zero, i.e., var (ek)-a2 The present regression analy-

sis generally indicated the residuals to be normally distributed. -'

Writing the linear regression model in matrix notation, we have Y.- i

Y =X + , (5)

where
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l x1 1  x12  x 6

il 12 16'i

x, x 2 1 , x 2 2 , ... x 2 6

Lx k Li, X k1, Xk2' .... xk6j

P~ E:

P2 *1 2.

I , :

The B-parameter estimates are given by
S-V.-

= (X'x) -X'Y , (6)

and the covariance of • is given by

^2 x'x-1 •
coy a - (X'X) (7)

where the estimate of the variance of the errors (or mean square error

of residuals) for p parameters is

"^2 (Y - XA)'(Y - X3) (8)
K -p '

CONFIDENCE BOUNDS

Two types of confidence bounds can be constructed about the regres-

sion line for predicted performance values (Appendix F, "General Linear

Model"). One is based on the variance ' of the expected value of per-
m

formance for any given symptom complex k9 which reflects the uncertainty 6

in the 2-parameter estimates; c2 is often referred to as the variance ofinthe -predic ted vlesofthmaes m-,••, ,

the predicted value of the conditional mean. Another is based on the
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"2
variance of the input performance data relative to the expected

values of performance, i.e., relative to the regression line. Often,
^2
a is referred to as the variance of the predicted value of a further

observed value, i.e., additional performance input data.

Upper and lcwer 95 percent confidence bounds for the expected per-

formance values predicted by the regression relationships are given as

L = xk't + 2.088 , (9)
95,m -'-(9)

where 2.08 is the 95 percent cutoff of the t-distribution for a sample

size of 30 or 40 (i.e., the number of symptom complexes used in the analy-

sis). The quantities x' and x are row and column vectors, respectively,

each containing unity for the first element followed by six integer values

(xI, x 2 .. 6) designating symptom severity levels for a kth symptom

complex.

The prediction of a further observation for a given symptom com-

plex x would also have a value of However, the variance is

&2 a2 " 20 =0 +02 (10) L
0 m

"^2 [ x+ x )(X'X) .
~k'

Upper and lower 95 percent confidence bounds for a. further observed value x

are

L5L :x0± 2.08ci2  (Ii)
95,0 'k ý0

The L95,0 confidence bounds will be wider than the L 95m confidence

bounds and should contain about 95 percent of the observed values (input

data) whereas a smaller percentage of the observed values will be in-

cluded within the L bounds.
95,m
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CORREILATION OF RESPONSEtS

Estimates of the effects of correlation between responses from the

questionnaire data were ma(e using STATLIB [Brelsford and Relles, 19811.

Analvsis of the data (discussed in Appendix F, "Correlation among Mode!

l.Error Terms") showed significant positive correlation with estima ted

correlation coefficients ranging from p = 0.2 to 0.4. The correlation

"coefficient p is n measure of individual response bias of the respon-

I-'oits. So, for example, with 35 individuats, each providing judgments of

petoturmrnce on a common set of 30 different symptom complex descriptions,

some will offer consistently low values, some consistently high values,

and others somewhere in between. On the other hand, purely independent

"responses wotuld result in a zero correlation (p = 0).

It can be shown theoretically that least squares linear regression

-.. yields s-parameter estimates (•) that are unbiased. Therefore, ordinary

-. least squares regression analysis is suitable for estimating 1. However,

S •( when p J 0, estimates of the variance a are biased downward (see Appen-

] dix F, "Correlation among Model Error Terms"). Because of the strong

"assumption of normality for the joint distribution of 30 error terms

(i.e., jointly correlated with one another) required by STATLIB, it was

not possible to precisely determine the extent of the downward bias with

I! the qcnoraZ-,zed least squares regression model package. That package

was not designed to give robust estimates of a for the expanded data set

(i.e., when not averaged over individual respondents) from the question-

naires. Furthermore, we are unaware of any existing package designed to

I develop reliable estimates of G for the kind of data set developed from

the questionnaires. However, from theoretical considerations an infla-

tion factor can be developed to estimate an adjustment from the upper

and lower confidence limits. Since it can be shown that ,, as determined

. by ordinary least squiares regression (which assurmes p 1 0), has a dow-n-

ward b" is by a factor of Y/! - p, multiplication of G by 1/4F- p corrects

the bias when P # 0. Since we estimated values ranging from p = 0.2 to

0.4, a factor of from 1.12 to 1.29 can be used to increase the upper and

lower confidence limits,

2.'4
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,~ • 9,(adjusted) =x`ý 2.08(I':', -1 - m

Sc(12)

1 1(adjusted) XS± ) 2.080

The magnitude of such an adjustment is not large; it extends the upper

and lower bounds by about 12 to 30 percent.

INDIVIDUAL PERFORMANCE PREDICTIONS

Predictions of individual performance were made using the logit

form of the linear regression model. Preliminary analyses were performed

1i on the data using two alternative forms of the linear regression model, and

with seven first power terms (intercept plus six symptom categories) for

the independent variables (xk). The analyses indicated no significant

difference between the two forms in fitting the data, one where the logit

§transformation, 27, iP/(Z - P) is made on the dependent variable (per-

formance), and the other where it is not made. However, predictions of

Sperformance using the logit form guarantee that all predicted performance

uvalues including the upper and lower confidence limits lie within the

interval (0, 1), which is consistent with the input data set. Predic-
tions using the form where the dependent variable is not transformed can

yield values outside that interval. Accordingly, the logit form was

applied to the data for the regression analysis.

Making the logit transformation of the dependent variable P k (per-

' formance response) gives the form

1- -) k Sk 1 k K,(13)
k

P was x' variables to obtain esti-
k regressed on theSNI~

mtes 0 of the s-parameters. Using the data given in Appendix E, regres-

sion parameters were obtained for crewmember positions given in Tables

7 through 10 for the gun, FDC, tank, and TOW crews, respectively. The
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standard error of the B's listed in the tables is the square root of

iLe diagonals of the variance-covariance matrix of

~(cov ()..-
S(14)

Also given in those tables, for each crew type and symptom Lategory,

is a Student's t-statistic. That statistic is the ratio of the estimated

s-parameter to the standard error. Thp Student's t values are a measure

of each symptom category's importance. For the data analyzed with 23 to

33 degrees of freedom, values of Itl less than about two indicate that the

symptom category becomes nonsignificant. The regression analysis indi-

cates that all crews considered both the FL and UG symptom categories as

important (i.e., where ftj t 2), with FL the most important. The HY and

IB categories were considered the least important compared with the others.

Table 11 is a summary by crew position of the symptom categories judged /

to be the least significant (i.e., where It! C 2).
* 2

The R values are a global measure of goodness of fit of the data

given by
~. I

K
E (P k -k)2

"2 =1 k=1
R =1- 9 ' (15) i

iK
I E (Pk" P)2

' k=1

where P and P are performance input and average performance input data,
k *2

respectively, and Pk are predicted values. The R values are all quite

. large, indicating a good fit of the regression model with the data. The

RIDIS error is the square root of the estimated variance of the residuals,

* indicated in the text above as a.

The regression diagnostics do not indicate any significant problem

with collinearity (a linear combination formed by two independent vari-

ables). The seven eigenvalues of the normalized (X'X) matrix are listed
r
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Table 11. least significant symptom categories.

Symptom Category

Crew Crew P1sition LG FW HY 1B

Gun Chief of section x
Gunner / /
Assistant gunner / /
Loader

FDC Fire direction officer x x '/

Horizontal control

operator / X
Computer x

Tank Tank commander / x
Gunner / x
lJoader / x
Driver x x

TOW Squad leader x
Gunner / x
Driver / x
Loader / x

NOTE: x = Student's ILI 1,
/= 1 : Student's It! < 2.

in Table 12 with the coýndition indtex, which is obtained by dividing the

square root of the top eigenvalue /6.2-3 by the square root of the

others (including itself). All values of the condition index are much

less than about 30, which indicates no significant collinearity rela-

t ionsh ip.

Applying the inverse transformation to the logit regression rela-

tionship yields the formula for predictlng expected values of performance

Pl for the kth symptom complex given by

Pk (16)
I + exp (-x.f)
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Table 12. Eigenvalue condition indexes.

Eigenvalue Condition Index

"6.203 1.0

0.282040 4.690
0.215428 5.366
0.134011 6.803
0.073825 9.166
0.051828 10.940
0.039971 12.457 I

The upper and lower 95 percent confidence bounds for the predicted ex-

pected values of performance are given by /

UL 1 , (17)
L95,m {1 + exp I - (xWO + 2.08a)]"

and

L1 (18)
L95,m {1 + exp - (,xI - 2.08a )]}

The upper and lower 95 percent confidence bounds for further predicted

-.---- observed values of performance are given by -

UL _ 1 (19)

95,0 {1 + exp I - (x + 2.08a0)J]

and I.

1 i

= {1 + exp 0- - 2 . 0 8 a0o)} (20)
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Tables 13 through 27 list the predicted expected and actual (ob-

served) data performance values for crewmember positions, the upper and

lower 95 percent confidence bounds UL and LL , for each of 30
95,m 95,m'

symptom complexes x) for the artillery (gun and FDC) and tank crews;

and each of 40 symptom complexes for the TOW crew. The listing order

in the tables is arranged from highest to lowest value of performanc'e

predicted by the regression formula. The values of (I - Pk) termcd

performance degradation are also listed.

Figures 17 through 31 are plots of the crewmember performance daIta

given in Tables 13 through 27. Performance Pk is plotted against (I - Pk),

which yields the straight line shown. For purposes of illustration, values

of performance predicted by the regression relationship lie along the

straight line at coordinates [(1 - Pk), PkI for each kth symptom complex.

The actual data values are given by the asterisks, which have coordinates

[(I - Pk), Pk]. The unevenly spaced tick marks along the top edge of Li

the abscissa correspond to each of the ordered symptom complexes listed

in Tables 13 through 27. The two sets of error bars each designate upper

and lower 95 percent confidence bounds for the prediction of perforrance r

along the regression line. The solid line bars are for the expected mean

performance values that correspond to the Ul95,m and Ll95,m bounds. The

wider dotted line bars are for further data observations that correspond J

to the UL95,0 and Ll95,0 bounds. The plots indicate a substantial portion

of the data included even within the narrower predicted mean value con-

fidence bounds. A much larger portion of the data is included within the

wider 95 percent confidence bounds as would be expected for further ob-

served values of performance (i.e., additional data). Expanding the

confidence limits by 12 to 30 percent by multiplying them by the inflation

factor I/Vrl - p to account for correlated response data, where estimates

are p = 0.2 to 0.4, would include essentially all of the data. However,

the extent to which variation in response data about the regression linell

can be attributed to either nonlinearities that might exist in the symp-

tom severity levels (integer values 1 through 5 were assumed) or simply

variations in performance judgment, cannot be ascertained for reasons

previously discussed (see p. 59).
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Table 13. Gun crew individual performance: chief of section.

SYMPTOM PERFORMANCE PREnlCTED ACTUAL CONFIDENCE LEVELS
CUMPIEX DErRADATTON VALUE VALUF LUW 95? HIGH 95%V

I 112t1 v.2685 0.731t4 0.81306 0.61478 0.78126 /
P 211111 0.2774 0.72256 0.67100 0.66149 0.77626 -

113111 0.3057 0.6943P 0.81107 0.63454 0.74819
4 311111 0.324q 0.67910 0.A9600 0.61140 0.73302
5 114111 0.3455 0.65454 0.69100 0.978b1 0.7213•4
6 213111 0.3556 0.64441 0.60500 0.99741 0.68879
7 312111 0.365Q 0.63419 0.61000 0.58877 0.67726

0411111 0.376? 0.62376 0.53000 0.497Q 0.69?37 I>
q 113121 0.3851 0.61490 0.55500 0.52196 0.70016

16 123111 0.3881 0.61185 0.64,00 0.52799 0.68958
11 313111 0.4088 0.59115 0.65800 0.5494A 0.63155
I? 412111 0.4196 0.58039 0.95700 0.52931 0.63347
13 413111 0.4643 0.53567 0.55900 0.48626 0.58438114 224!1l 0.4880 0.91t9q0,O.6PO0 0.43q57 0.58391
19 414111 0.5096 0.49040 0.9100 0.04270 0.95P39
16 313112 0.5164 0.48160 0.4b•00 0.436b1 0.53088
17 513l11 0.5207 0.47Q28 0.51500 0.41373 0.54955
18 521111 0.5?14 0.47862 0.53000 0.37414 0.58501
IQ 314112 0.5614 0.43858 0.19400 0.39014 0.48822
20 514111 0.5657 0,43432 0.40900 0.3b244 0.50908
21 414112 0.6160 0.38397 0.36800 0.53381 0.4367P
2? 515111 0.6406 0.,5q4? 0.38700 0.25578 0.47812
23 3141 13 0.6640 0.33998 0.25200 0.26982 0.40927
24 525111 0.6023 0.30772 0.28700 0.24104 0.38348
25 315113 0.703? 0.29680 0.2550? 0.23130 0.3718A
26 535111 0.7642 0.P3577 0.?6096 0.1b219 0.3296S
27 334?31 0.718? 0.21182 0.22097 0.13424 0.31762
28 515431 0.7940 0.20603 0.1509Q 0.1290q 0.31245
29 415314 0.8396 0.1b043 0.1549q 0.09P50 0.25049
30 515P23 0.8498 0.15020 0.28900 0.10603 0.P0850

73

U



Table 14. Gun crew individual performance: gunner.

SYMPTOM PERFORMANCE PREDICTED ACTUAL CONFIDENCE LEVELS
COMPIEY DECRADATTON VALUE VALUE LOW 95t HIGH 951

1 211111 0.1680 0,A320? 0,8280? 0,79560 0,86307
S112111 0.1A21 0.A1787 0.81593 0,78126 0.84941
3 311111 0.1A94 0.81061 0.87303 0.77?06 0,84396
4 411111 0.2128 0.78718 0.73100 0.74097 0.82693
9 113111 0.2215 0,177851 0.85705 0.73711 0.81487
6 312111 0.2P99 0.7701? 0.70900 0.74039 0.797387 213111 0,247q 0.175213 0.78600 0,71957 0178?11 ,

A 113121 0.2541 0.174993 0.70000 0,68077 0,80155
9 412111 0.2567 0,.74326 0.72800 0.70586 0,77730 ?t-

10 114111 0.2666 0.73341 0.73000 0,67723 0,78279
11 3131ll 0.2761 0.72391 0.78194 0,69445 0,75157
1? 123111 0,2Q01 0.70989 0.70700 0,64714 0,76549
13 413111 0.3063 0.69374 0,69400 0.65733 0,7278814 521111 0,3101 0.ý68q8a 0.49800 0.60807 0.7b133

19 513111 0.338? 0.66180 0,64100 0,61020 0,70981
16 414111 0.3606 0.;63938 0,60000 0,58994 0.68603
17 313112 0,3719 0,62814 0,63100 0,59030 0,6b447
18 224111 0.3767 0.,62330 0.54000 0.56445 0.67873
19 514111 0.3950 0,60500 0.59?00 0,54336 0.66348
20 31012 0,4306 0.96937 0.90900 0,52782 0,60096
21 414112 0.4668 0.5331Q 0.93500 0.48740 0.57843
22 314113 05000 0.45998 0.41700 0.39545 0.52987
23 515T11 0.5412 0.45884 0,53400 0.5964 0.9615 1U
24 525111 0.5450 0.45904 0.40600 0.38636 0.52547
25 315W13 0.6000 0.40061 0.40400 0.33410 0,46976
26 334231 0.6313 0.16874 0.38400 0.26910 0.48099
27 535111 0,6321 0,36771 0.41400 0,2 8 219 0,46251
28 515431 0.667A 0,33221 0.?7900 0,23704 0.44334
29 515P23 0.7410 0,25903 0.19900 0,?0005 0,12826
30 415314 0.79,2 0.?0784 0.16995 0.14088 0.29567
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Table 15. Gun crew individual performance: assistant gunner.

SYMPTOM PERFORMANCE PREDICTED ACTUAL CONFIDENCE LEVELS
CUMPLEX nEGRADATTONI VALUE VALUE LOO Q5v HIGH Q5%

1 211111 0.1Q17 0.0830 0.8029A 0171312 0,83916

2 112111 0.2112 0.78889 0.78801 0.75325 0.82039

3 311111 0.2135 0.78651 0.83Oo0 0.74988 0.81906
4 4111ll 0.2370 0.7bP96 0.74895 0.719b6 0.80155

9 113111 u.2'71 0.7'488 0.82201 0.70301 0.77903

6 312111 0.2996 0.7403Q 0.70000 0.71?15 0.76656
7 213111 0.2838 0.71623 0.71100 0.68q18 0.74536
A 412111 0.2865 0.71352 0.70q00 0.67860 0.74612

9 113121 0.3005 0.69q52 0.67500 0.63721 0.75528
10 114111 0.3091 n.69086 0.69000 0.63771 0.73943 ,
11 313111 0.3100 0.68802 0.76?96 0.6b032 0.71443

12 123111 0.333i 0.6b688 0.67000 0.60822 0.72080
13 521111 0.3390 0.66096 0.65800 0.58652 0,72821
14 413111 0.3417 0.65833 0.65200 0.624b2 0.69052
15 51311! 0.3726 0.62736 0.58200 0.5802q 0.67212

16 41411. 0.4015 0.9984q 0.5blO0 0.55349 0.64189

17 313112 0.4121 0.q8794 0.57500 0.85158 0.62147
18 2?4111 0.4250 0.57504 0.90100 0.52169 0.62670
19 514111 0.4o•3 0.56567 0.54400 0.5103' 0.61940
20 314112 0.4751 0.92467 0.47900 0.48767 0.56141

21 414112 0.5091 0.49n95 0.49000 0.45066 0.93136
22 515311 0.5628 0.43718 0.51500 0.35067 0.52769
23 314113 0.5A314 0.41663 0.37100 0.3b133 0.47411
24 525111 0.5888 0.41116 0.37000 0.35245 0.47251

25 315113 0.6441 0.35588 0.35q00 0.30065 0.4152.
26 535111 0.6739 0.32610 0.37700 0.25502 0.40609

27 334231 0.681c 0.31845 0.32100 0.?372? 0.41251
28 5151131 0.6Q30 0n.0698 0.25?00 0.22618 0.40155
29 515223 0.7701 0.22q88 0.36100 0.18168 0.28631

30 415314 0.8060 0.19404 0.16097 0.13729 0.26718
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Table 1 6. Gun crew individual performance: loader.

SYMPTOM PERFORMANCE PREOICTED ACTUAL CONFInENCE LEVELS
COMPLEX DEERADA lON VALIIE VALUE LUW q5% HIGH 95X

1 211111 0.3186 0.A8137 0.65000 0.64467 0.71595
2 311111 0.3513 0.64871 0.65300 0.61163 0.68408

1 112111 0.352A 0.64718 0.69000 0.61091 0.68184
4 411111 0.3854 0.6145q 0.56500 0.57241 0.65512
5 312111 0.42e3 0.97768 0.95604 0.,5078 0.h041?
6 113111 0.4?39 0.57609 0.69700 01.53813 0,6130q

7 412111 0.458R 0.5415t 0.52000 0.50974 0.57300
A 213111 0.4601 0.5398A 0.94?00 0.51136 0.96I4
q 113121 0.4824 0.51764 0.47300 0.46134 0.57154

10 521111 0.Q*34 0.50664. 0.55000 0.4494A 0.56760
11 123111 0.4Q6 7 0.50330 0.50200 0.45435 0.55220
12 313111 0.4967 0.5032q 0.55Q00 0.47899 0.52760
13 114111 0.4Q84 0.5016P 0.45200 0.45566 0.5475'9
1' 413111 0.5333 0,466b6 0.4960n 0.43860 0,49492
19 513111 0.5696 0.43038 0.3960v 0.39357 0.46798
16 313112 0.6051 0.39490 0.38700 0.3b33 0.42107
17 2?4111 0.6067 0.39126 0.33000 0.3543? 0.43361
11 414111 0.6068 0.19325 0..,7000 0.j5984 0.42768
19 514111 0.641? 0.35864 0.36?070 0.32029 0.39930
20 314112 0.6741 0.32589 0.T44G0 0.30128 0.35149
21 41411? 0.7059 0,?9451 0.29c00 0.6q24 0.1211?
2? 314113 0.7626 0,P3740 0.P230S 0.20636 0,27153
23 525111 0,•639 0.?3611 0.?2794 0.,0327 0.27259
24 5i5111 0.7OTI 0.2I19? 0.24899 0.17480 0.?7072
25 535111 U.8126 0.18740 0.18694 0.150u8 0.23148
26 315113 0.8126 0.18740 0.1790? 0.15963 0.1874
27 334)31 0.8236 0.1763Q 0.18p01 0.13517 0.22671
2A 515431 0.874? 0.12976 0.10q97 0.09444 0.16548
29 515?23 0.8a95 0.10047 0.13401 0.081b6 0,12314
30 415114 0.920P 0.07980 0,06498 0.05925 0.1061q
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Table 17. FDC crew individual performance: fire direction officer.

SYMPTUM PERFORMANCF PREDICTED ACTIIAL CONFIDENCE LEVELS
CUMPILE( DEGRADATION VALUE VALUE LOW q5% HTGH 95%

1 112111 0.1606 0.83941 0.90602 0.78381 0.88298
S113111 0.1701 0.82991 0.94401 0.77?59 n.97512
3 114111 0.1802 O.lq980 0.77003 n.74668 0.87534
4 211111 0.1832 0.81683 0.70200 0.75176 0.86784
c; 213111 0.2051 0.79495 0.10799 0.74763 0.83594
6 113121 0.2069 0.79115 0.70400 0.69666 O.8b083

K7 311111 0.2201 0.77089 n.77799 0.70899 0.83753
"R 312111 0.2322 0.76781 0.69300 0.71870 0.81046
"9 313111 0.2449 0.75510 0.78701 0.71025 0.79495

I f 123111 0.2973 0.74?69 0.17103 0.64507 0.82083
11 411111 0.261Q 0.73801 0.69700 0.6511? O.AO96
12 412111 0.2756 0.72438 0.7669? 0.66058 0.78023
13 413111 0.2898 0.71025 0.82?01 0.65246 0.76188
14 414111 0.3043 0.69569 0.69800 0.62018 0.76170
15 224111 0.3185 0.68150 0.48?00 0.99113 0.76006
16 513111 0.3391 0.6608R 0.60900 0.57668 0.735995
17 313112 0.3450 0.65503 0.65000 0.59534 0.71021
18 514111 0.3549 0.4,4908 0.62500 0.54795 0.73165
19 314112 0.36UQ 0.63Q11 0.54900 0.971498 0.69864
20 414112 0.4153 0.98471 0.62700 0.5119Q 0.65392S21 5?1111 0.4300 0.96998 0.59700 0.42644 0.70?64

22 515M11 0.4529 0.54748 0.50900 0.38453 0.70085
23 314111 0.4783 0.92169 0.42800 0.41659 0.62490

" 24 315113 0.4957 0.50427 0.47300 0.9106 0.61615
25 525111 0.4993 0.5007? 0.494CO 0.38q34 0.61202
26 515a31 0.b130 0.18696 0.35300 0.22882 0.97320
27 535111 0.6?76 0.37?38 0.41100 O.P4031 0.52661
2R 334031 0.6557 0.34430 0.37000 0.?0021 0.52407
2q 515?23 0.70O8 0.29917 0.421,o0 0.19957 0.42'27
30 41531 0.7377 0.26p31 0.27100 0.14332 0.43034
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STable 18. FDC crew individual performance: horizontal control operator.

SYMPTOM PEPFnRMANCF PptlIC IFU AC TIUAL rOUFTUFNCE LFVFLS
rUMPIEX nErxADATTUN VALIIE VALUIE LUW qb. HTGH Q5%

Ma 11Ill O.7tp 0.7b477 0.79AOI 0.7264) n.79931
P 211111 Uo292; 0,7478? 0.9700 0.705•9 0.786AU
S113111 0.2r31 0.746b7 O.Abl1r0 0.7070A n.78P79
8 113121. 0.2721 0.7279S O.6510n 0.6b837 0,78n40
9 114111 0.27ý1 0.72789 0.74107 0.6778? 0.77P17
6 3111|1 U.2 99 0.71047 0.67400 0.6660p 0.7512n
7 213111 0.2Q07 n.70430 0.69pon 0.677oa n.73Q0•
A 312111 0.3100 0.69qgA 0.68100 0.658bq 0.710b2
Q 123111 0,3;)37 '1.67A2A 0.69300 0.61797 0.72Q59

10+,,11, 0.3100 0.66o97 0.1?00 0,A1777 0.71830
11 313111 O.S311 0.66A71 0.6'4uO 0.6400P 0.6962n
1? 412111 0.3q20 0.6480 f.l(910' 0. AO492 0.68095
1A 413111 0.3746 0.62945 0.6pOn n.0nDq 0.6'5031
14 2?'.il' 0.3A99 0.61051 6.tbilOn n.5S76A 0.63791
19; 414111 0.3977 0.60231 0.59600 0.q5715 0.64579
16 31311? 0.405A 0.9942? 0.6240n 0.5597R 0.62776
17 513131 0.4199 O.98noq n.93100 0.951c? 40 2743
IR 31411? 0.4?99 0.97048 0.55500 0.531b9 0.60654
19 514111 .4a30 0A;561X 0, n . 0 0,9O 034 0.61055
2 A 5P1111 .4%? O.043e9 0.9'SOn .4bn n.A.209?
21 414112 0.4Obr , 019215 n.S6900 n.Od?86 n.,bTBR
2? 314113 0.5091 0.4907P 0.05300 \ 0.43-55 O.,4•Q9
21 315113 0.5336 0.4b636 0.43QUn 0.40440 0.52q37
24 51511 0.50.?.46480 0.4400 0.1799 0.559P
2r 5P5111 U.5540 0.44596 0.4b700 O.3dSI5 0.5UA30
26 374:ý31 0.b021 0.19791 0.031On 0.X0496 n.09g9n
27 515431 0.6154 0.1845q 0.379P15 O.4b691
2A 535111 0.69bq 0.1611? 0.74780n O.Pd707 O.446bg
2q 51523 0.6781 0.32179 0.35000 0.P6457 0.18Q79
30 415114 0.7138 0.P8619 0.28700 O.Pogq 0.31823
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Table 19. FDC crew individual performance: computer.

SYMPTOM PERFORMANCF' PREDICTED ACTUAL CONFIDENCE LEVELS
COMPLEX DEGRADATTON VAL11E VALUE LOW 95! HIGH 95%

I 11211 0.1790 0.82098 0.86704 0.78951 0.84864
2 113111 0.1902 0. 8 04 8 4 0.88?05 0.77747 0.83849

3 211111 0.1925 0.80752 0.74193 0.7724P 0.83835
4 113121 0.1985 0.80155 0.78701 0.75325 0.84?51
5 11411 0.2018 0.79319 0.7b906 0.75731 0.3383

S6 213111 0.2164 0.781b4 0.77903 0.75750 0.80752
7 311111 0.2189 0.78108 0.76?96 0.74403 0,81412
8 312111 0.2118 0.76817 0.74706 0.74212 0.79?33
Q 313111 0.2451 0.75491 0.76206 0,73085 0,77730

10 411111 0.2479 0175P13 0.72500 0.70767 0,79107
11 412111 0.2610 0,73808 0.75199 0.70;05 0,7.6852
12 123M11 0,2439 0.73614 0.73100 0.68422 0.78245
13 413111 0.2764 0,72357 0.82201 0.69343 0.75176
14 414111 0.2014 0.70858 0.69300 0.69b28 0.74498
15 513111 0.3100 0.68995 O.6bO00 0.64654 0.73026
16 224111 0.3121 0.68791 0.56800 0.64007 0.73204
"17 313112 0.31b0 0.68405 0.72?00 0.65311 0,71344
18 514111 0.3260 0,67396 0.64000 0.62348 0.72071
19 314112 0.3321 0066790 0.66200 0,63442 f0,69976

20 414112 0.3690 006AC97 0.64900 0.59?74 0.66763
S521111 0.3718 0.62822 0.64200 0.55182 0.69871
22 314113 0.414? 0.58580 0.55500 0052864 0.64073
23 315113 0.4322 0,56780 0,53700 0,50578 0,62777
24 525111 0.4428 0.55716 0.55A00 0.49541 0.61720
29% 515•|1 0.4444 0.55555 0.56800 0.46537 0.64221
26 515431 0.5?43 0,47569 0.44400 0.3750P 0.57837
27 334231 0.5288 0.47123 0.50400 0.37270 0.57206
28 535111 0.5481 0.45187 0.47900 0.1b882 0.53770
29 515223 0.5792 0.42084 0,44100 0.35120 0.49379
30 415314 0.6617 0.33831 0,34600 0.25275 0.43583

I
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Table 20. Tank crew individual performance: tank commander.

SYMPTOM PERFORMANCE PREDICTED ACTUAL CONFIDENCE LEVELS
rUMPtEX nESNADATION VAL11E VALUE LOW 95% HIGH q95

1 112111 0.1468 0.85321 0.89003 0.81653 0.88360

2 211111 0.1554 0.A4462 0.85705 0.8039P 0.87825
3 113111 0.179P 0.82083 0.90203 0.77868 0.95644
4 113121 0.1R57 A.81427 0.84198 0.75120 0.86436
9 311111 0.1996 0.80043 0.77206 0.75125 0.84051
6 114111 0.21n9 0.78313 0.68500 0.72476 0.83216

7 213111 0.2283 0.77171 0.73808 0.73917 0.A0440
A 312111 0.2403 0.75969 0.72000 0.72380 0.79233
Q 411111 0.2527 0.74725 0.68000 0.6865q 0.79q79

10 123111 0.2644 0.73556 0.76?96 0.66515 0.79576
* 11 313111 0.28h3 0.71167 0.75306 0.67835 0.74649

12 412111 0.3001 0.69986 0.75306 0.65197 0.74384
13 413111 0.3c23 0.64766 0.69p00 0.60216 0.69064
14 224111 0.3820 0.61799 0.56700 0.54A65 0.68277
15 31311P 0.3q26 0.60739 0.52300 0.5b224 0.65073
16 414111 0.4083 0.59169 0.63300 0.53163 0.64913
17 513111 0.4249 0.57549 0.60300 0.91085 0.63764
18 521111 0.4302 0.96976 0.96100 0.46496 0.66965
19 314112 0.4905 0.54q947 0.46900 0.50058 0.59743
20 514111 0.,434 0.916bl 0.46800 0.44307 0.S8943
21 414112 0.i2b5 0.47353 0.48800 0.4200O 0.%2707
22 314W11 0.569? 0.430895 0.33500 0.3573P 0.50756
23 315111 0.6263 0.37373 0.35400 0.?9913 0.45416
24 515311 0.6295 0.37059 0.37800 0.26678 0.48791
e5 334231 0.6433 0.35671 0.31700 0.24439 0.48747
26 5?!111 0.6616 0.33839 0.27300 0.2b894 0.4156q
27 515431 0.6893 0.31072 0.26096 0.20636 0.43865
2A 53!ill 0.7631 0.23685 0.X1200 0.1b410 0.32925
2Q 515?23 0.7938 0.20620 0.33200 0.14931 0.27758
30 415314 0.8397 0.16030 0.17393 0.09930 0.24843
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* Table 21. Tank crew individual performance: gunner.

SYMPTOM PERFORMANCE PREDICTED ACTUAL CONFIDENCE LEVELS
CUMPilEX flECRADATTON VALUE VALUE LOW 95t HTGH 952

1 112111 0.1027 0.89734 0.9420 0.87|147 0,9184)
2 211111 0.1148 0.88524 0.87q00 0.85508 O.qO987
3 113121 0.1174 0.88257 0.89798 0.84037 0.9146?
4 113111 0.1?09 0.R7911 019a498 0.84980 0.90344
5 114111 0.1417 0.85827 0.79899 0.81757 0.89110
6 311111 0.1499 0.5009 0.82q06 0.81382 0.88027
7 213111 0.1976 0.84237 0.81306 0.81593 0.86565
8 312111 0.1748 0.82520 0.78194 0.79786 0.84954
9 411111 0.1Q36 0.80643 0.75194 0.75786 0.84723

"10 123111 0.1Q77 0.80234 0.82807 0.7464q 0.84839
"11 313111 0.2029 0.79706 0.81991 0.77012 0.82171
12 412111 0.2?37 0.77626 0.81199 0.73788 0.81031
13 413111 0.2573 0.742b9 0.78398 0.70585 0.77643
14 224111 0.2870 0.71298 0.65500 0,65427 0.76531
15 414111 0.2938 0.70620 0.71700 0.65514 0.75!13
16 313112 0.3050 0.6949Q 0.62Q00 0.65623 0.73126
17 513111 0.3203 0.67q70 0.70800 0.62330 0073126
18 314112 0.3452 0.65479 0.57000 0.6114? 0.69573
14 514111 0.3615 0.63853 0.64500 0.57148 0.70059
20 521111 0.3691 0.63091 0.64100 0.533bQ 0.71855
21 414112 0.4177 0.58229 0.58200 0.53197 0,63995
2? 314113 0.4762 0.52382 0.45900 0.45052 0.59610
23 515111 0.5097 0.49030 0.51800 0.37816 0.60343
24 315113 0.5220 0.47800 0.47000 0.40021 0.55687
25 334P31 0.5322 0.46779 0.43400 0.34bl6 0.59504
26 515431 0.5465 0.45347 0.39400 0.32948 0.58353
27 525111 0.5492 0.4507Q 0.37500 0.37478 0.52917
28 535111 0.6858 0,11420 0.18600 0.22846 0.41474
29 515p23 0.7077 0.?9233 0.43000 0.?2149 0.37498
30 415114 0.79•6 0.20343 0.20702 0.13147 0.30107
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Table 22. Tank crew individual performance: loader.

SYMPTOM PERFORMANCE PREDICTED ACTUAL CONFIDENCE LEVELS
COMPtEX nEGRADATTON VALUE VALUE LOW 95% HIGH 45%

1 211111 0.190A 0.80q23 0.81503 0.77030 0.84290
2 112111 0.2026 0.79738 0.84104 0.75896 0.83090
3 311111 0.2281 0.77189 0.74097 0.72941 0,80454

4 113111 0.2556 0.74441 0.83603 0.70044 0.78398
5 113121 0.2967 0.74326 0074193 0.67962 0.79803
6 411111 0.270? 0.72983 0.70400 0.67777 0.77626
7 312111 0.285? 0.7147A 0.66600 0.68185 0.74555
8 213111 0.3008 0.69924 0.66300 0.66376 0.73243
Q 114111 0.3168 0.68323 0.59400 0,62366 0.73730

10 412111 0.3333 0.66667 0.68100 0.62498 0.70591
11 123111 0.3497 0.65031 0.68300 0.58411 0.71118
12 313111 0.390P 0.64q80 0.68300 0.61749 0.68079
13 413111 0.4031 0.49691 0.64200 0.55741 0.63519
14 521111 0.4208 0.57017 0.54400 0.49?08 0.66159
15 513111 0.4583 0.54107 0.60700 0.4874? 0.59495
16 313112 0.4756 0.52440 0.44400 0.48569 0.56282
17 224111 0.47b4 0.92355 0.51800 0.4641? 0.58233
21 414141! 0.4770 0.12297 0.32100 0.47214 0.97337
19 514111 0.5333 0.46667 0.49200 0.40625 0.52809
26 314113 0.5790 n.44q47 0.43400 0.40941 0.49016
21 414112 0.705•8Ob 0.20505 0.41600 0.43787
2? 514117 0.b733 0.32666 0.25407 0.27?78 0.38553
2X 334?31 0.6843 0.31966 0.33500 0.29741 0,41966\
24 515711 0.b893 0.31071 0.32600 0.23183 0.40239
2c, 575i11 0.7074 0.P9P57 0.24694 0,23903 0.35P53
26 515a3i 0.7?9P 1).P703P 0.20603 0.19016 0.17004
27 315113 0.7358 0.26425 0.20505 0,P1400 0,32149
2A 535111 0.791P 0.p0ml 0.21501 0.15777 0.?7887

29 515P23 0.8406 f.t5936 0.24694 0.12036 0.20817
30 415114 0.8941 0.10993 0.12100 0,06978 0,15776
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/ Table 23. Tank crew individual performance: driver.

SYMPTOM PERFORMANCE PREOICTFD ACTUAL CONFIDENCE LEVELS
COMPLEX rEGRADATTON VALUE VALUE LOW 95% HI1H 95%

1 211111 0.1259 0.87446 0.86796 0.84396 0.89971
032 112111 O.38 0.86319 0.39604 0.83?30 0.88q04

3 311111 0.1906 0.84Q41 0.87501 0.81933 0.R7819
4 113111 0.1777 0.82P3n 0.91003 0.78516 0.85a33
s 113121 0.1795 0.82054 0.81802 0.7b985 0.86471
6 411111 0.1796 0.82039 0.78108 0.77730 0.A5668
7 312111 0.1q47 0.80534 0.75101 0.77769 0.8304A
S213111 0.2105 0.78951 0.79803 0.75878 0.R1728
9 114111 0.2274 0.77259 0.67,00 0.71896 0.81862

10 412111 0.2297 0.77030 0.77?06 0.733b1 0.80313
It 313111 0.2477 0.75232 0.77294 0.72332 0.77920
12 123111 0.263) 0.73614 0.71700 0.67335 0.79051
S13 41311 0.2A90 0.71098 0.7?696 0.67388 0.74536

"14 521111 0.3097 0.69028 0.65200 0.60432 0.76477
IS 5131l1 0.3342 0.66581 0.69000 0.61190 0.71574
1i 313112 0.3382 0,66181 0.57600 0.62354 0.69908
17 414111 0.3565 0.6435P 0.63500 0.59183 0.69207
18 224111 0.3763 0.62372 0.62400 0156195 0.6617119 514111 0.4062 0.59;85 0.63500 0.52874 0.65582
20 31411P 0.4105 0.58950 0.53600 0.54633 0.63134
21 414112 0.4623 0.53771 0.56500 0.48970 0.98902

22 314113 0.5194 0.48059 0.44000 0.41228 0.54964
23 515il1 0.5741 0.42566 0.39800 0.32489 0.93306

S24 M5113 0.5Q56 0.,0441 0.32800 0.33507 0.47778
26 334P31 0 b03? 0.39606 0.39000 0.28782 0.51553
2 0.6079 0.39?59 0.35100 0.32464 0.4649627 515431 0.624 0.37938 0,33?00 0.26835 0.49609

28 535111 0.7198 0.28023 0.33100 0.20522 0.36995
29 515?21 0.732? 0.26776 0.36400 0.20457 0.,4198

30415314 0.8033 0.19611 0,22794 0.13011 0.28604
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Table 24. TOW crew individual performance: squad leader.

SYMPTOM PERFORMANCE PREDICTED ACTUAL CONFIDENCE LEVELS
COMPi.EX DErRADATION VALHE VALUE LOW 95% HIGH 95%

1 211111 0.1285 0.87147 0.87900 0.83548 0.90043
2 112111 0.1450 0.85499 0.8989A 0.81847 0.88514
3 111121 0.1464 0.85157 0.34301 0.81275 0.88350
4 311111 0.1566 0n84343 0.82607 0.80187 0.81761
S 212111 0.1758 0.82419 0.8329q 0.791b7 0.65246
6 411111 0.199? 0.81077 0.74-07 0.75639 0.85945
7 113111 0.1970 0.80?98 0.86796 0.757b8 0.A4158
A 112121 0.2013 0.79867 0.89100 0.75969 0.83272
9 111131 0.2057 0.79429 0.67600 0.72351 0.85056

10 312111 0.2115 0.78852 0.71000 0.75;43 0.81969
11 213111 0.235A 0.76423 0.79101 0.72684 0.79803
12 123111 0.2431 0.75694 0.76602 0.68373 0.81787
13 412111 0.25211 0.747b3 0.76495 0.69959 0.79051
11 114111 0.2617 0.73827 0.71800 O.A71b4 0.79543
19 113121 0.267? 0.73P8? 0.81306 0.68240 0.77799
16 112131 0.2725 0.72750 0.61500 0.64910 0.79397
17 521111 0.2775 0.72252 0.72200 0.62251 0.80440
I 313111 0.2799 0.72050 0.69600 0.68359 0.75473
19 413111 0.3P74 0.67210 0.69900 0.62280 0.71788
20 113131 0.3913 0.6486q 0.64800 0.55945 0.73184
21 314111 0.3q9; 0.64066 0.98000 0.98381 0.69382
2P 224111 U.3689 n.6314F 0.60500 0.95730 0.69992
23 11411P 0.3707 0.62929 0.48qO0 0.563U9 0.69100
24 513111 0.3A0? 0.61975 0.99200 0.94876 0.68596
25 31311? 0.3919 0.60813 0.51300 0.56269 0.65176
26 414111 0.4136 0.58638 0.64F00 0.92120 0.648b7
27 214112 0.4?76 0.q7443 0.45?00 0.92189 0.62535
2A 514111 0.4701 0.52992 0.54?00 0.44894 0.60934
29 314112 0.4123 0.51768 0.49800 0.46926 0.56577
30 515311 0.5363 0.463b7 0.40200 0.35061 -0,98059
31 41411? 0.5399 0.46n47 n.49500 0.40379 0.51818
32 214113 0.5517 0.44831 0.34300 0.47157 0.52738
33 314113 0.6079 0.39P52 0.40200 0.32116 0.46879
34 525111 0.6?b6 0.17338 0.37800 0.?955Y 0.45836
35 334P31 0.5682 0.33181 0.P8700 0.?2426 0.4033
36 535111 0.6871 0.31?bq 0.36500 0.P1806 0.42659
37 315113 0.bqii 0.30887 0.12500 0.242bq 0.38383
38 515'i31 0.7081 0.29194 0.?6698 0.184?? 0.42q43
3q 415114 0.6r-6 0.19170 0ý21098 0.11899 0.29406
40 515?23 0.8331 0.1b687 0.31800 0.11816 0.23041



Table 25. TOW crew individual performance: gunner.

SYMPTOM PERFORMANCE PREDICTED ACTUAL CONFIDENCE LEVELS

COMPLEX DEGRADATION VALUIE VALUE LOW q92 HIGH 95%

1 211111 0.1694 0.8306P 0.85296 0.78617 0.86738
2 112111 0.1891 0.81092 0.86495 0.76638 0.84851
3 111121 0.i926 0.80737 0.91396 0.76024 0.84710
4 311111 0.2064 0.79364 0.75007 0.74307 0.83658
5 21211t 0.229? 0.77083 0,74193 0,73184 0.80965
6 411111 0.2468 0.75120 0.65800 0.68619 0.80643
7 113111 0.2539 0.74612 0.83005 0.69283 0.79?98
A 112121 0.2581 0.74193 0.86295 0.69607 0.78279
q 111131 0.2625 0.73750 0.61300 0,65581 0.80550

10 312111 0.2749 0.72510 0.63800 0.68391 0.76278
11 13111 0.3006 0.69q40 0.71900 0.61758 0,77030
12 213111 0.3025 0.69745 0.62700 0.65429 0.73730
13 412111 0.3P58 0.67417 0.75007 0.61919 0,72474
14 114111 0.3317 0.66830 0.59600 0.59382 0.73517
15 113121 0.3367 0,66329 0.76799 0.60677 0,71550
16 112131 0.3418 0.6582S 0.55700 0.57175 0,73536
17 521111 0.347q 0.65208 0,63300 0.54287 0.74725
18 313111 0.3561 0.64391 0,65600 0.60252 0.68326
19 413111 0.4135 0.58651 0,60400 0.53333 0.63775
20 113131 0.4309 0.56909 0.57600 0.47198 0.66109
21 224111 0.444P 0.55579 0.53900 0.47903 0.62998
2P 114112 0.4458 0.55417 0.42500 0.48555 0.62079
23 314111 0.4465 0.55351 0.49100 0.49384 0.61169
24 313112 0.4727 0.52733 0.45400 0.48058 0.57360
25 513111 0.4733 0.52666 0.51100 0.4516Q 0.59851
26 214112 0.5063 0.49368 0.41600 0.44091 0.54658
27 414111 0.5070 0.4930? 0.54500 0,4275 0.55872
28 314112 0.5666 0.43338 0.41200 0.38657 0.48140
29 514111 0.5673 0.43272 0.46700 0.35545 0.51341
30 214113 0.6244 0.37561 0.25597 0.3045? 0.45P49
31 414112 0.6250 0.37498 0.41500 0.32?59 0.43047
32 515311 0.65"59 0.34406 0.28200 0.24675 0,45638
33 314113 0.6794 0.3205q 0.31600 0.25693 0.39183
34 525111 0.7072 0.29279 0.33700 0.22583 0.37019
35 334231 0.7410 0.25903 0.?0899 0.16924 0.37509
36 535111 0.7531 0.?4694 0.28700 0,16714 0.34862
37 315113 0.7557 0.24435 0.27800 0.18847 0.31071
38 515431 0.8091 0.19093 0.17902 0.11456 0.30099
30 451514 0.864? 0.13576 0.18005 0,08211 0.21602
40 515?23 0.8822 0.11784 0.16995 0.08211 0.16645
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Table 26. TOW crew individual performance: driver.

SYMPTOM PERFORMANCE PREDICTED ACTUAL CONFIDENCE LEVELS
COMPLEX DEGRADATION VALUE VALUE LOW 95% HTGH 95Z

1 211111 0.0544 0.94558 0.94501 0.92539 0.96053
2 112111 0.0683 0.931b6 0.96401 0,90888 0,94912
3 311111 0.0685 0.93150 0.92601 0.90687 0.,5003 I
4 111121 0.0697 0.93028 0.97301 0.90585 0.94868
5 212111 0.0856 0.q1443 0.8705 0.A9321 0.93176
6 411111 0.0858 0.91420 0.92301 0.87964 0.93952
7 113111 0.1065 0.89350 0.91698 0.86021 0.91961
8 312111 0.1068 0.89321 0.85396 0.86898 0.913 I41

9 112121 0.1087 0.89129 0.94799 0.8b683 0.91451
10 111131 0.110o 0.88914 0.78006 0.83576 0.9266b3
11 213111 0.1322 0.86784 0.5I594 0.43916 0.9216
12 412111 0.1324 0.86761 0.89302 0.83174 0.89678
13 123111 0.1385 0.b6152 0.87303 0.80218 0.90508
14 5?1111 0.1392 0.86081 0.77609 0.78381 0.91349
15 114111 0.1623 0.83767 0.78600 0.77989 0.8a247
14 313111 0.1627 0.83726 0.90097 o.o0721 0,86154
17 113121 0.1655 0.83452 0.89501 0.79117 0.87034
18 112131 0.1685 0.83146 0.77101 0.76b24 0.88340
19 413111 0.198A 0.80123 0.82707 0.75786 0.83849
20 31411 0.2401 0.75988 0.70100 0.70504 0.8072121 513t11 0.2407 0.75933 0,72900 0,69t42 o0,8138
22 113131 0.2481 0.75194 0.75306 0.65758 0.82721ý

23 224111 0.2503 0.74970 0.78499 0.67618 0.81123
24 114112 0.2633 0.73672 0.52800 0.66955 0.79429
25 31311? 0.2639 0.73614 0.64100 0.69143 0.77641
26 41411 0.2875 0,71248 0.74097 0.64531 0.77136
27 214112 0.3134 0.68657 0.57400 0.63083 0.73730
28 514111 0,3401 0065995 0.70000 0.97034 0.73943
29 314112 0.3683 0,63175 0,58600 0.57761 0.68276
30 515311 0.3938 0.60621 0,53000 0.47023 0,72751
31 414112 0.4?67 0.57330 0.5860P 0.5062? 0.63778
3? 214113 0.4571 0.542a89 0.45500 0.45019 0.63271
33 314113 0.5181 0.48190 0.45500 0.39249 0.57253
34 525111 0.5306 0.46941 0.46800 0.36986 0,57146
35 334P31 0.5835 0.41650 0.39100 0.27491 0.57334
36 535111 0.6039 0.39606 0.45700 0.2b973 0.53797
37 515431 0.6128 0.38725 0.34400 0.23A12 0.56093
38 315113 0,6361 0.36386 0.44200 0.?7948 0.45755
39 415314 0.7619 0.2384q 0.3010n 0.13959 0,37704
40 515P23 0.8067 0.19325 0.31500 0.13022 0.27715
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Table 27. TOW crew individual performance: loader.

SYMPTOM PERFORMANCE PREDICTED ACTUAL CONFIDENCE LEVELS
COMPLEX DEGRADATION VALUE VALUE LOW 95% HIGH 95%

1 211111 0.1177 0.88226 0.87599 0.84684 0.91036
2 111121 0.1330 0.86704 0.93002 O.A2935 0.89743
3 311111 0.1464 0.85358 0.83P99 0.81169 0.88745
4 112111 0.1491 0.85094 0.87203 0.81153 0.88340
5 411111 0.1806 0.81q36 0.78499 0.76351 0.86436
6 212111 0.1838 0.81623 0.78801 0.78074 0.,4710
7 111131 0.1848 0.81518 0.69900 0.74536 0.86921
8 112121 0.2057 0.79429 0.85705 0.75250 0.830T6
Q 312111 0.2244 0.77556 0.76495 0.73711 0.80984

10 113111 0.2281 0.77189 0.88205 0.71003 0.81728
11 5a1111 0.2699 0.73010 0,68700 0.62566 0.81412

12 41211 0.2712 0.72879 0.75602 0.67572 0.77609 ,
13 213111 0.2753 0.72465 0.70300 0.68125 0.76423
14 112131 0.2768 0.72323 0.62000 0.63964 0.79364
15 123111 0.2782 0.72182 0.74801 0.63835 0.79233
16 113121 0.3041 0.69594 0.82405 0.63884 0.74763
17 313111 0.3?82 0.67181 0.73000 0.62954 0.71148
18 114111 0.3328 0.66721 0.55800 0.58835 0.73769
1q 413111 0.3858 0.61423 0.68600 0.55901 0.66666 >\
20 113131 0.3924 0.60759 0.62800 0.50631 0.70034
21 513111 0.4467 0.55326 0.56700 0.41632 0.62774
22 314111 0.4519 0.54811 0.90100 0.48508 0.60964
23 224111 0.4554 0.54461 0.60600 0.46353 0.62338
24 313112 0.4765 0.52351 0.44600 0.47418 0.57239 V

25 114112 0.4817 0.51832 0.34400 0.44590 0.58996 ,
26 414111 0.5146 0.48945 0.52500 0.41661 0.55484
27 214112 0.5444 0.45563 0.37700 0.40088 0.51147
28 514111 0.5768 0.42324 0.46800 0.34258 0.50821
29 314t12 0.6057 0.39431 0.39700 0.34670 0,44402
30 414112 0.6638 0.33615 0.39800 0.28410 0.39252
31 515311 0.6722 0.32780 0.23505 0.22899 0.44475
32 214113 0.6qo0 0.30998 0.19093 0.24324 0.38578
33 314113 0.7410 0.25903 0.20702 0.20101 0.32676
34 334231 0.7431 0.25693 0.25105 0.16356 0.37943
35 525111 0.7499 0.25011 0.17393 0.18725 0.32554
36 535111 0.7964 0.20359 0.23308 0.13227 0.30022
37 515431 0.8089 0.19108 0.16798 0.11135 0.30828
38 315113 0.8285 0.17150 0.21199 0.12731 0.22706
39 415314 0.9117 0.08835 0.13000 0.05083 0.14q31
40 515223 0.9177 0.08234 0.13%99 0.01546 0.12057
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The performance plots indicate relative trends for each crew position

such as tendencies toward high, low, and middle of clustering responsea

along the straight line. High and low clustering would indicate skewed

distributions, and those tending to cluster t,)ward the middle may indicate

a more symmetric distribution. The lowest estimates of performance are

pr.)vided for the artillery vun crew loader, whose tasks are probably tile

most physically demanding. On the other hand, the highest estimates of

performance are provided for the FDC crew computer position, whose activ-

ity is the least physically demanding, consisting wholly of cognitive

tasks. Some crewmemb'ers show a near-threshold-like effect even for the

d*, most benign symptom complexes where performance drops from 100 to between

70 and 80 pelcent.

Also noteworthy are the relative widths of the error bar patterns.

For example, the gun crew loader plot also shows the narrowest error bar

widths, indicating the most consistency in the response data. On the

other hand, the fire direction officer plot shows perhaps the widest

error bar spread, indicating a relative lack of consistency in the re-

spouse data.

- Differences between input data and regression prediction performance

values are seen to occur more frequently for symptom complexes 112111,

113111, 2241U1, and 515223. Table 28 lists those cases, te-med outliers,

where the data values lie outside the 95 percent confidence limits of

the regression mean value predictions. Data valies for complexes 112111

- and 113111 are consistently higher than the regression values. Moreover,

data values for symptom complex 113111 are consistently, although only

slightly higher, than complex 112111. Based on our evaluation of the

data (Sec. 2) and tills analysis, we are unable to positively explain

those differences. owever, we point out that the regression analysis

served to predict pet formance for symptom complexes 112111 and 11310i in

the order that one wo ild expect, i.e., a lower value of performance for

!13111 than for 11211

In Figs. 17 through 23, symptom complex 224111, for the artillery

gun, and FDC crews, is associated with lower values from the data rela-

tive to the regression values, wherea. symptom complex 515223 is asso-

, ciated with substantially higher values. We are also unable to explain
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these differences based on the treatment of the data. However, we do

observe that the spread (given in the last column of Table 28) in data

performance values between complexes 224111 and 515223 given for the gun

and FDC crews (parenthetical values in Table 28) appears narrow given

the differences in the severity levels of the two complexes. A wider

* spread in values as predicted by the regression relationship seems more

* reasonable considering the two complexes.

In addition to the crewmember positions, regression analyses were

performed fcr the separate tasks under each crew position, using the

task response data given in Appendix E. Results of predicted task per-

formance are graphically compared with predicted position performance

in Appendix G. The regression parameters for task performance predic-

tion are also listed in tables given in Appendix G.

The regression analysis described in this section serves to develop

performance input data for further extending individual crewmember per-

"* formance to dose and time based on the numerical procedures described in

Sec. 5. After improvements were made to the army questionnaire raw data

discussed in Sec. 2, performance data were analyzed and prepared for

mapping onto the dose/time framework developed in Sec. 4. Section 5

th-n describes the process of joining the individual crewmember perfor-

mance data with the dose and time variables to develop the performance

doso/time relationships.

,0
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SECTION 4

DOSE/TIME SYMPTOM COMPLEXES

In this section, we build a framework for expressing the performance

prediction estimates of Sec. 3 as a function of dose and time. Using

time-dependent symptom profiles, a dose/time structure is developed, which

consists of discrete regions that represent the various symptom complexes.

From the symptomatology descriptions of the acute radiation syndromes in

humans (developed from actual case experience of irradiated individuals

[Baum et al., 1983]), time-dependent profiles are constructed to typify

the symptom severity for each of eight subdivisions of the intermediate

dose range [75 to 4500 rads (cGy) [Anno and Wilson, 1983]. Time bound-
aries are assigned to the symptom complexes according to symptom severity

level. Finally, the symptom complex areas are joined for each of the

eight dose ranges--according to dose--to form a dose/time map of symptom

complexes.
Figures 32 through 39 plot symptom severity level against the log-

arithm of postexposure time for each of eight free-in-air dose ranges

f75-150, 150-300, 300-530, 530-830, 830-1100, 1100-1500, 1500-3000, and

3000-4500 rads (cGy)] for the six symptom categories developed in Baum

et al. [1983]; those categories are as follows:

1. Upper gastrointestinal distress (UG).

2. Lower gastrointestinal distress (LG).

13. Fatigability and weakness (FW).

3 4. Hypotension (HY).

5. Infection, bleeding, and fever (IB).

6. Fluid loss and electrolyte imbalance (FL).

. The severity profiles developed in Anno and Wilson [1983] for each

of the six symptom categories are represented in the figures by the

S"curves" formed by the connected sloping and parallel straight lines.

The curves are also shown as step functions where vertical lines connect
4

One centigray (cGy) is equal to one rad.
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the levels. Thus, symptom severity is represented in terms of discrete

levels consistent with the formation of the severity level descriptions

in Anno and Wilson [19831. The step function profiles are constructed

such that approximately equal areas under the sloping curves are

maintained.

Above those curves, each of the symptom catcgories is shown as

a horizontal band spanning time and is divided into a series of rect-

angles of varying length. The symptom category bands contain integers

that designate the severity level and associrited time period. Above the

group of rectangles is another band that defines the symptom complexes

in terms of a six-digit code. Those coded rectangles merely "collapse" r

the separate bands of each of the six symptom categories depicted below

them into the symptom complexes. The position of each digit in the code

corresponds to one of the six symptom categories shown earlier, and in the

order indicated. However, the value of each individual digit indicates .,.-

the severity level of each symptom category. '.

For example, in Fig. 34, for the dose range 300 to 530 rads (cGy),

symptom complex 314112, existing between 13 and 22 hir following exposure,

consists of symptom categories in the following ordtr: upper gastro-

intestinal distress (UG), severity level 3; lower gastrointestinal dis-

tress (LG), level .; fatigability and weakness (FW), level 4; hypotension

(HY), level 1; infe-tion, bleeding, and fever (1B), lev.al 1; and fluid

loss and electrolyte "b1t'nce (FL), level 2. The d4ctiption for this -

symptom complex [Anno and Wilson, l':93] used in the army combat crew

questionnaire [Glickman et al., 19A31 is as follows: "Nauseated. con-

siderable sweating, swallow.. frequently to avoid vomiting; very tired and

weak; thirsty and has dry mouth, weak and faint."

Except for the early l.G distress, we estimate that all other symptom

categories represen--d by the symptom severity profiles in Figs. 32 through

39 are applicable to about 50 percent (except for the 75 to 150 rads Ic;yl

dose range) or more of those irradiated, and are thus typica llv rer r- '

sentative. The profile for U; distress, shown by a dotted line between

2.5 and 5.5 hr in Figs. 34 through 39, is a brief one- or two-time episode

of diarrhea that may occur in the early or prodromal phase following radia-

tion exposure in about 10 percent of those irradiated up to a dose of about
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15 00 rod a (o,;c v That threshold moy increase to a moximu I of about 30

percent uip t-) a dlose of 4500) rads (c-Gy). Since our focus in this report

is on the ef fects on perrormance of the "typical." acuite rz.diation syndrome

and symptom ýýcnuelae, w,, hove omi-litted the e--r241i LG effect from the main

cicalcilit aion, of performaince f or typical1 combat creumembc rs as a function i
of dose auc,1 11 t inc.l Ho"wever , adcl i t i (ma!1 cal cu I a t ions have been trade that

do r-1ake theC earlev LG e~ffect in to a ccoiunt (see Appendix 11)..

At L fthe ext rtm IT nds U1 I of F i S. 3.,3~an 3,-) two Sets of symptom

ir~~x~ ind i CateCd aIt corrc:;pkind ing orim i Iar t imes to refITlec t the

))isi tl' Sc b'lIC of ".,irvivoirs c) an "nniisirvivors" i 33 for

th IISO15 to 300 rod ((-(;v) dose r.;:nvgo, a ,izil I numbe2r o f let 'ia)' lit Les , less

thbin or eI i to alboutt 5 pe recont * nay be (-x,,t'7 tod to) occuitr some t ime a fter

t he F I f tl 1 r' Ck fo I olowin exý'(ýposujre Bauim e t a!., 1933. Aciordin~gle , we

ha~ve rep resecnted the u ins r i vo rs by comple x 1 1 2131 as tilie 4 fse t rec-

!x~~ngI . ):.' foi thn' 300 to 530 rn!d (cGY) dose rainge, Up to 50

jIlrcent I t2 t~ C M; e V ma a e t -d corme-t i joe of t er t he f-ourth wee> fol-

lo)wiln ex siirc iiniim et a I. 19831. S imi 1or iv, we hiive represented

IIAII!reiv~'Vk1ý4 :5 b saoniptol em romp Itx I31415 L!! sibe oi i set rec tanglIe. Hlowever ,

ini I. ig l- tIoc i hc, 0)i to 8)M roid (,-1;) dost, Wag,3 to, 99 pcrceut

Ik-t !;1ii it fitn mayý1 1)t (:'yctedt( -;tart inev at t he end ot t lit th1)ird vweek folIlIow-

I I ix ),IiS I - 10 [ B I II eL a)., 19 83. 1n taIIt (-; i.c te IsuiIr vIv o r s, ra Ither

thain the uonsuirviviurs * arc repre~sciued be Lt,, c' .~ ecta-ngles contain-

og" svmp t 'm comple x dis i-gnat inli.J

Fi "tlrc 41) gi ist( dose/Iinc, local ionls of all tb'ý semiptom complexes.

'Ilii ;ympt~mi i tmcop) xe:*: iii till, uppe~r bond oI roe tang et,; in I'igs. 3- throu~gh

3'), I- -i ll Ol tr 11i C ci "Jit dose, ra.1s 1rc comib ine)d . 'bYt ii'rrcut ( ill-

i'' )ot I md iv IdnIIaI Is eXperCt L'd to h~i oe-; c ot' r, Iid ýic i on svm p t ofl~i repI)reC-

senltecd I v t lit i' y srp t ori roly) I e t, Is t ir tid e-.i (-I M' dolsi ran ý' iz t ie( l t

Li LIii red I :I;:t B 1 itiii -t If. 9$li vi. Tbc r in uurQ I L'X, 'i t V
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possible, however, to indicate where severe conditions such as debili-

tation and lethality can be expected. In Fig. 40 the dark shaded areas

indicate tho occurrence of lethality. Although not shown in the figure,

possibly a small number of lethal it ies may occur aftor 5 weeks for the

150 to 300 rad (c;y) dose range,. The lightly shaded are.as indicate

severe debilitation ranging from shock, prostration, and fainting at the

high dose range,. to infectiov, fever, weakness, and exhaustion at the

low dose ranges.

The severe conditions (debilitation and ]ethality) indicated in

Fig. 40 are where the radiobiological considerations alone suggest extreme

functional impairment and are therefore useful to guide the development

of performance boundary conditions to combine with the performance esti-

mates from the regression analysis estimates. Figure 40 provides the

"dost/time framework for the numerical performance mapping process de-

"scrib2d in Sec. 5, which follows.
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SECTION 5

DOSE/TIME PERFORMANCE MAPPING

In the last section, a dose/time framework of symptom complexes was

constructed; here, the quantitative relationship of crewmember perfor-

mance with dose and postexposure time is established. The procedure con-

sists of a one-to-one numerical mapping of crewmember performance values

obtained from the regression analysis onto the dose/time framework of

symptom complexes. Through numerical methods described below, we extend

the Input performance values from the regression analysis (Sec. 3), rang-

ing from 0 to 100 percent, to produce output performance surfaces and

* isoperformance contour levels as a function of dose and postexposure

time. The discussion that follows details the procedure and lists the

numerical values used to obtain the performance dose/time output

relationship.

INPUT DATA

Performance values developed from the regression analysis of the

combat crew questicnnaire responses, together with the appropriate dose

* and time values, constitute the basic input data. The crew questionnaire

responses on which the regression analysis is based do not correspond to

all symptom complexes indicated in Fig. 41, owing to a limitation on the

number of symptom compzexes allowed in the combat crew questionnaires

* [Glickman et al., 19831. However, a substantial portion of the dose/time

domain, shown by the lightly shaded areas, corresponds to tne symptom

complexes where questionnaire response data were obtained.

Table 29 lists the input values used for the dose/time performance

'mapping. For each dose range, the symptom complexes, time canges, times,

and corresponding performance predictions from the regression analysis

are given. The performance values are for the chief of section of the

gun crew, as a generic case, although the same input format holds for all

crew positions (see Appendix I). Graphically, the time range values

correspond to the time boundaries of the symptom complex rectangles shown

5 119
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in Fig. 41. The time value where performance input is specified is the

midpoint of the horizontal length of those rectangles. Since the time

axis is logarithmic, the midpoint is given by the square root of the

product of the time boundaries.

Referring to Fig. 41, input boundary conditions are specified at

the outer periphery of the connected collection of symptom complex areas.

L This is done by specifying the performance with a series of relationships

described below that designate where the performance is 100 percent

(symptom-free) or assumed to be 0 rnercent (extreme symptom severity or

lethality).

COMPUTATIONAL PROCEDURE

In order to create a three-dimensional representation of performance

as a function of dose and time, we take the symptom map (Fig. 41) plus

imposed boundary conditions to build a smooth surface that both covers

the regionls of interest and passes through each performance input data

point. To do this, a "french curve" algorithm (FCA) is used to trans-

late the input data into an evenly spaced (logarithmic) grid of perfor-

mance predictions for 18 values of dose and 39 values of time.

We chose the particular dose/time grid structure to allow full reso-

lution of the underlying symptom map without adding an excessive amount

of easily interpolated information. Within the areas defined by boundary

conditions there are 143 irregularly spaced input points and about 400

output values. Since the only regularities in the structure of the input

U data are the 8 dose bands, the dose grid lines are chosen to correspond

to the middle of the bands to the extent possible. No such regularity

is present in the time structure of the input data, so the grid lines are

a. chosen for calculational convenience.

Figure 42 shows the o~ittput grid structure, along with the locations

assigned to the input data and the imposed boundaries. The dose grid

lines are indexed i, where i =1, 2, .. ,18, which correspond to dose

values listed in Table 30, given by

D. 10 C0O.lli+ld67609) rads (ccyv) (
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Table 29. Input data for dose/time analysis of gun crew,
chief of section.

Performance
Dose Range Time Range. Time Value for
[rads (cGy)1 Complex (hr) (hr) Input Data

75-150 211111 5.00 18.00 9.49 0.7226

150-300 211111 3.40 4.50 3.91 0.7226
311111 4.50 5.00 4.74 0,6751
312111 5.00 6.00 5.48 0.6341
412111 6.00 6.80 6.39 0.58043
413111 6.80 12.00 9.03 0.5357
313111 12.00 16.00 13.86 0.5912
213111 16.00 21.00 18.33 0.6444
113111 21.00 40.00 28.98 0.6943%
112111 40.00 540.00 146.97 0.7314
112121 540,00 1060.00 756.57 0.6568

300-530 211111 1.80 2.70 2.20 0.7226
311111 2.70 3.50 3.07 0.6751
312111 3.50 3.90 3.69 0.6341
412111 3.90 4.6'0 4.24 0.5804
413111 4.60 6.60 5.51 0.5357
414111 6.60 13.00 9.26 0.4904
314112 13.00 22.00 16.91 0.4386
214112 22.00 35.00 27.75 0.4947
114112 35.00 40.00 37.42 0.5510
114111 40.00 415.00 42.43 0.6545
113111 45.00 320.00 120.00 0.6943
114111 320.00 360.00 339.41 0.6545
114121 360.00 450.00 402.49 0.5712
114131 450.00 780 00 592.45 0.4836
134131 780.00 1080.00 917.82 0.3108

530-830 211111 .1.20 1.70 1.43 0.7226
311111 1.70 2.40 2.02 0.6751

411111 2.40 2.70 2.55 0.6238
412111 2.70 3.25 2.96 0.5804
512111 3.25 3.50 3.37 0.5246
513111 3.50 4.80 4.10 0.4793%
514111 4.80 10.00 6.93 0.4343
414112 10.00 16.00 12.65 0.3840
314112 16.00 26.00 20.40 0.4386
214112 26.00 45.00 34.21 0.4947
113112 45.00 50.00 47.43 0.5953
113111 50.00 190.00 97.47 0.6943
113121 190.00 250.00 217.95 0.6149 /

114121 250.00 280.00 264.58 0.5712
114131 280.00 410.00 338.82 0.4836
214131 410.00 520.00 461.74 0.4276
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Table 29. Input data for- dose/time analysis *of gun crew,
ch~ie~f of section (Continued).Z

Performance

Dose Range Time Range Time Value for
[rads CcGy)1 Complex (fir) (Fir) input Data

530-830 314133 520.00 630.00 572.36 0.2000
(cont.) 424133 630.00 760.00 691.95 0.1216

434143 760.00 910.00 831.62 0.0633
444153 910.00 1080.00 991.36 0.0319

830-1100 211111 0.90 1.30 1.08 0.7226
311111 1.30 1.40 1.35 0.6751
312111 1.40 1.80 1.59 0.6341
4. 3111 1.80 2.50 2.12 0.5357

514111 2.50 3.20 2.8j 0.4343
515111 3.20 7.60 4.93 0.3904

515112 7.60 9.00 8.27 0.2932 :
515113 9.00 14.00 11.22 0.2118
415113 14.00 22.00 17.55 0.2519
315113 22.00 35.00 27.75 0.2968
215113 35.00 50.00 41.83 0.3460
214132 50.00 56.00 52.91 0.4947
114112 56.00 67.00 6.5 0.5510
114111 67.00 92.00 78.51 0.6545
124111 92.00 110.00 100.60 0.5680
134111 110.00 160.00 132.66 0.4771
134121 160.00 180.00 169.71 0.3908
234121 180.00 190.00 184.93 0.3386
235121 190.00 200.00 194.94 0.2992
235131 200.00 260.00 228.04 0.2309
325232 260.00 320.00 288.4/: 0.17300

.315343 320.00 360.00 .339.41 0.1138
415343 360.00 410.00 384.19 0.0930
414344 410.00 460.00 434.28 0.0622
515354 460.00 520.00 489.08 0.0359

1100-1500 211111 0.70 0.90 0.79 0.7226'
311111 0.90 1.00 0.95 0.6751
312111 1.00 1.30 1.14 0.6341
413111 1.30 .1.70 1.49 0.5357
514111 1.70 2.30 1.98 0.4343
515111 2.30 5.30 3.49 0.3904
515221 5.30 5.70 5.50 0.2965
515222 5.70 8.00 6.75 0.2144
515223 8.00 1.6.00 11.31 0.1502
415223 16.00 25.00 20.00 0.1814
315223 25.00 27.00 25.98 0.2174
315113 27.00 40.00 32.86 0.2968
215113 40.00 50.00 44.72 0.3460
214113 50.00 66.00 57.45 0.3881

1 23



Table 29. Input data for dose/zime analysis of gun crew,
chief of section (Continued).

Performance

Dose Range Time Range Time Value for
[rads (cGy)] Complex (hr) (fir) Input Data

(cont.) 124112 80.00 92.00 85.79 0.4600

134112 92.00 110.00 100.60 0.3715
* 144112 110.00 120.00 114.89 0.2909

144122 120.00 140.00 129.61 0.2238
* 145132 140.00 160.00 149.67 0.1446

245232 160.00 210.00 183.30 0.1121
345342 210.00 260.00 233.67 0.0622

445443 260.00 300.00 279.29 0.0311
454454 300.00 340.00 319.37 0.0120
545454 340.00 420.00 377.89 0.0115

1500-3000 211111 0.45 0.60 0.52 0.7726
311111 0.60 0.84 0.1 0.6751
412111 0.84 1.10 0.96 0.5804 ,
513111 1.10 1.1.0 1.24 0.4793
514111 1.40 1.80 1.59 0.4343
515211 1.80 2.30 2.03 0.3748
515321 2.30 2.70 2.49 0.2829
515331 2.70 5.40. 3.82 0.2171
515332 5.40 6.60 5.97 0.1523
515333 6.60 8.00 7.27 0.1042
515334 8.00 20.00 12'.65 0.0701
41,5334 20.00 24.00 21.91 0.0863
415324 24.00 32.00 27.71 0.11840
315314 32.00 50.00 40.00 0.1932
314414 50.00 72.00 60.00 0.2118
324513 72.00 86.00 78.69 0.2123
334513 86.00 96.00 90.86 0.1576
344413 *96.00 110.00 102.76 0.1218
354523 110.00 140.00 144.10 0.0596
355533 140.00 170.00 154.27 0.0358
455543 170.00 220.00 19ý3.39 u,.0204
555554 220.00 270.00 241.72 0.0000
555555 270.00 300.00 284.61 0.0000

30450 211111 0.28 0.36 .2 0.7226
30-50 311111 0.36 0.48 0.K42 0.6751

411111 0.48 0.56 0 52 0.6238
412111 0.56 0.66 0 61 0.5804
513111 0.66 0.77 0.71 0.4793
514111 0.77 0.84 0.80 0.4343
514211 0.84 0.90 0.87 0.4181
515211 0.90 1.10 0.99 0.3748
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Table 29. Input data for dose/time analysis of gun crew,
chief of section (Concluded).

Performnance

Dose Range Time Range Time Value for
trads (cGy)] Complex (hr) (hr) Input Data

3000-4500 515321 1.10 1.30 1.20 0.2829
(cont.) 515431 1.30 2.70 1.87 0.2061

535431 2.70 4.20 3.37 0.1111
535432 •4.20 5.00 4.58 0.0749
535433 5.00 5.60 5.29 0.0498
515434 5.60 6.60 6.08 0.0659
515435 6.60 26.00 13.10 0.0437
515425 26.00 30.00 27.93 0.0610
515525 30.00 33.00 31.46 0.0573
515515 33.00 55.00 42.60 0.0796
535515 55.00 70.00 62.05 0.0400
555515 70.00 91.00 79.81 0.0197
555525 91.00 110.00 100.05 0.0139
555535 110.00 120.00 114.89 0.0000 IU
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Table 30. Dose/time grid lines.

Dose (free-in-air) Time

Range Index Grid Line Index Grid Line Index Grid Line
[frads (cGy)] Mi) [rads (cGy)] (j) (hr) (j) (hr)

75-150 1 61.11 1 0.20 21 19.95
2 78.72 2 0.25 22 25.12
3 104.42 3 0.32 23 31.62
4 130.65 4 0.40 24 39.81

150-300 5 168.30 5 0.50 25 5n.12
6 216.81 6 0.63 26 0lO.10
7 279.32 7 0.79 27 79.43

300-530 8 359.82 8 1.00 28 IC..00
9 463.55 9 1.26 29 125.89

530-830 10 597.17 10 1.58 30 158.49
11 769.29 11 2.00 31 199.53 -,

830-1100 12 991.04 12 2.51 32 251.19

1100-1500 13 1276.71 13 3.16 33 316.23

1500-3000 14 1644.72 14 3.98 34 398.11
15 2118.81 15 5.01 35 501.19
16 2729.55 16 6.31 36 630.96 V

3000-4500 17 3516.35 17 7.94 37 794.33
18 4529.94 18 10.00 38 1000.00
-- -- 19 12.59 39 1258.93
-.... 20 15.85 -- --

Similarly, the time grid lines, indexed by j, j = 1, 2, .... 39, repre-

sent time values listed in Table 30, and are given by

tj = 10'0.1j-0.8) hr . (22)

Note that the outermost grid lines in both cases fall just outside the

area covered by the symptom map.

The boundary conditions were chosen by making a priori assumptions

regarding the extremes where performance is 100 percent (nondegraded) or
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0 percent (totally d&-raded). Those particular boundary conditions were ___

derived to ensure a smooth transition of thle performance surface between

the boundaries and the interior regions. The functional forms of the

following boundary value formulas are not based on any specific theo-

retical model, but yield curves that are not inconsistent with the data

and represent the perceived effects of radiation exposure on humans at

the boundary extremes. Those boundary conditions, specified in terms

of performance fraction p, will be described in terns of four areas of

the grid in the same manner in which they were implemented in the analy-

sis. Dose values are in rads (cCv), time in hours.

I. Upper edge (D = 4529.928) (23)

0.1995 < t • 0.2606: p = 1.0

0.2606 • t • 3.1623: p = (1 + c) exp [- (a + b log1 0 t) -0

a = 1.32819

b = 2.27430 P,."

S= 0.0928716

3.1623 < t = 1258.925: p = 0.

The shape and effect of this boundary condition are particu-

larly evident on the t hree-dimensional plots and correspond

to falloff area I indicatld in Fig. 42.

2. Right edge (t = 1258.925)

61.107 -< D ' 168.303: p = 1.0

597.161 :5 D : 4529.928: p = 0

168.303 t D ! 597.161: This falloff area, indicated in Fig. 42,

is the least well known on the grid. A smooth transition from.

the data area was achie'ed most often by setting

S=a - b logo D
1 0  (24)

a = 4.31952

b = 1.58364

for two points at D = 141.421 and D = 264.575. The french

curve algorithm (discussed below) was then used to generate a
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curve through these points (see Fig. 42). The actual shape is

evident on the three-dimensional plots and corresponds to fall-

off area 2 in Fig. 42.

3. p = 0 limit (upper-right boundary)

1) 597.161

t 7 10.795

og143 + 2.44609 (25)
10 1 + exp (a log1 0 t -b)

a 2.32698

b = 6.00965.

This curve is easily seen on the contour plots.

4. p = 1.0 limit (left and iower boundary)

0.1995 ! t ! 0.2606: All doses; same as upper edge limit

0.2606 < t z 6.9314: log1 o D = 2.92609 - 1.25 log.o t

6.9314 < t < 13.8523: D - 75.0

13.8523 < t < 1258.9254: log D = a + b Dua (log 1 o t - c)
10

a = 2.16549

b = 0.08774b8

c = 1.105.

Again, this curve is clearly evident on the contour plots and

in Fig. 42.

The actual pr cedure for generating time output data uses the FCA

mentioned previousl. That algorithm fits as smooth a curve as possible

to Irregularly spaced values for a single independent variable. Fig-

ure 43 shows the balic technique, which is to estimate the slope at two

adjacent points and then find the intersection (if any) of their tangents.

A new point on the c rve is generated by dropping a perpendicular from

that intersection to the line connecting the original points and choosing

the new point halfwa between. This procedure is done for each adjacent
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pair of points, so if N points are originally given, N -1 new points

are generated. The entire procedure is then repeated on all those

2N - 1 points, etc., until a desired density of points is achieved.

The algorithm has many desirable properties. It is capable of

finding a peak (or valley) higher (or lower) than either of the original

points Lhuii straidd1.c it. -Also, the density of points will be greatest

where the curve is changing most rapidly, which is where the most reso-

lution is needed. Most Important, the FCA yields a curve that always

passes throuigh each and every original data point.

For purposes of fitting to the performance data, a three-step pro-

cedure is used. The first step is to generate an essentially continuous

curve for each of the eight original dose bands. Input data to the FCA

consists of the performance and time values for each of the locations

(asterisks) on a given row In Fig. 42. Also included are additional data

points corresponding to the boundary condition, the edge of the grid, and

halfway between. This is done at both ends of the dose band, and yields

six extra data points. Thus, even for the lowest dose band, which has

only a sirgie performance Input point, a total of seven points, ranging

over the entire time range of the grid, is input to the FCA. The result

is eight curves of performance versus time.

The second step is to generate 39 different "continuous" curves of

a- performance versus dose, each corresponding to one of the time grid lines.

a- Input data to the FCA are eight performance and dose values (from the

eight curves generated In step one) plus a-dditional-points-for the edge-.

-~ of the grid and boundary conditions. This is done 39 timeR to yield the

desired curves.

Finally, the third step Is to generate 18 curves of performance

versus time, corresponding to the dose grid lines instead of to the

original dose bands. Each of these curves is found by using the FCA

with input consisting of 39 data points (from the curves generated in

step two) plus boundary conditions.

Three-dimensional plots (given in Sec. 6) result from plotting those

% ~39 constant time curves and 18 constant dose curves as seen from the
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appropriate perspective. Note that the tables of output values, given

in Appendix J, contain only the performance values at the intersections

of the grid lines, and thus do not reflect the full resolution shown in

the plots.

CONTOUR PLOTS

A similar procedure wes used to generate contour plots. The first

step, generating the eight performance-versus-time curves, is the same

as above. Step two, however, is different. Instead of only 39 time-

constant curves, a total of 875 such curves are generated. That proce-

dure yields the performance surface ro a very high resolution. (On the

scale of Fig. 42, if those 875 vertical lc,;Qs are drawn, the spacing

between them would be less than the width of the lines, i.e., the figure

would appear as a solid black block.) Each of these "continuous" curves

is in fact not continuous, but consists of 885 points. Thus, the sur-

face is represented by a massive array of 875 x 885 - 774,375 points.

Next, each and every one of those points is compared with each of

its neighboring points. If one of them is greater than a specified con-

tour level, and the adjacent point is less than that level, then a dot

is drawn on the plot for the original point, which then becomes one of

the points that forms the contour. The resulting plot is simply a

pattern of small dots that appears to the eye as continuous contour

lines.

This approach, though tedious, eliminates the need for fitting

local analytic approximations to describe the surface, which is Lhe pro-

cedure used by most traditional contour plot algorithms. As a result

the very detailed resolution of the FCA is preserved in the final con-

tour plots.

Using the numerical procedures detailed above, we describe three-

dimensional crewmember performance surfaces and isoperformance contours

as a function of dose and postexposure time. In the following sec-

tion, the overall picture of crewnember performance provided by three-

dimensional plots, as well as the isoperformance contours that enable

numerical performance estimates to be made graphically is described.
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SECTION 6

RESULTS AND DISCUSSION

This section details the relationships of individual crewmember

performance with acute radiation dose and time after exposure. The

relationships are expressed graphically, based on the calculational

methods described in Sec. 5 for the 15 artillery, tank, and TOW combat

crewmember positions. Comparisons of the performance of five different

types of crewmembert according to task similarities are detailed as a

function of dose and time following exposure. Also presented and dis-

cussed are the confidence bounds associated with our individual per-

formance predictions in order to illustrate the conditional uncertainty

associated with the regression predictions of Sec. 3.

PERFORMANCE SURFACES

Three-dimensional surface representations of the relationship of
individual performance to dose and time following a single prompt exposure

are show.i in Figs. 44 through 58 for each of the 15 crewmembers. The fig-

ures provide an overall picture of individual perforrance as a function

of dose and time. Individual performance in percent is expressed as the

vertical axis, with dose and time along the horizontal axis. Dose and

time are both expressed logarithmically in order to include the entire

intermediate dose range of 75 to 4500 rads (cGy) and time Aminutes to

6 weeks) on each graph. Accordingly, a visual distortion is introduced

where the slope of the surface for small doses and/or early times appears

much more pronounced than that of large doses and/or times.

The particular orientation of the axes with the large values of

dose ond time at the bottom of the graphs enables a more revealing view

of the performance surface than if the axes were oriented in the conven-

tional manner with the smaller values at the bottom. The orthogonal

lines along the surface are the 18-dose by 3Q-dose grid lines specified

in Sec. 5. The end segments of the grid lines extending to the axes are

dashed to indicate the span between input data and specified boundary

conditions (discussed in Sec. 5), also shown as dashed lines. Insofar
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as the boundary conditions are not based explicitly on input data, the

dashed portions reflect a greater degree of uncertainty as compared with

the solid grid lines.

Surface depressions indicate where performance becomes degraded.

The initial overall depression is related to the prodromal symptomatology,

which includes nausea, vomiting, fatigue, weakness, and initial fluid

loss [also hypotension and fever at the higher doses beginning at around

1100 to 1500 rads (cGy)]; gastroint.estinal effects, because of their re-

latively lower expected incidence--lO to 30 percent [Baum et al., 19831--

are not included in Figs. 44 through 58. The broad rise in the perfor-

mance surfaces toward the left side of the graphs is related to some

remission of the prodromal symptoms, prior to the onset of delayed ones

(manifest illness period) such as infection, bleeding, fever, lower

gastrointestinal distress, fluid loss, and reoccurrence of symptoms such

as nausea, vomiting, fatigability, and weakness. For doses exceeding

around 600 rads (cGy), the height and width of the rise progressively

disappear, reflecting reduced recovery consistent with the increasingly

% severe symptomatology [Baum et al., 19831.

At the high-dose edge of the plots, the downward slope of the sur-

face near the boundary is more apparent the higher the performance esti-

mates, e.g., as in Fig. 50 for the FDC computer crewmember. That effect

is due to matching the boundary condition using the logit model for the

regression predictions. For example, in excess of about 3 hr, the

boundary condition is assumietd to be zero, whereas the logit form pre-

dicts values that approach but do not equal zero.

ISOPERFORMANCE CONTOURS

Isoperformance levels for the 15 crewmembers as a function of dose

and time after exposure are given in Figs. 59 through 73. The contour

level plots, shown in increments of L0 percent, can be used to extract

performance estimates. The plots also contain estimates of the percent

* incidence of those expected to suffer from the effects of radiation

Performance surfaces thaL include early lower gastrointestinal
*, effects are provided in Appendix 11.
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//

exposure based on Baum et al. [19831 which affect performance as indi-

cated on the plots. The percent incidence is given along the left side

of the plots for the designated dose rarges, commencing from 5 to.30

percent for the lowest dose range [75 to 150 rads (cGy)] and reaching

100 percent at and above 830 rads (cGy).

Any point along the isoperformance contour curves defines a dose

level and postexposure time that correspond to the performance level

of the contour. The performance profile over time, following exposure

to a given dose, can be readily constructed from the performance .ontour

plots by ascertainih.g the times where a given dose level intersects

with the performance contour curves. For example, in Fig. 60 the esti-

mated performance for the gun crcew gunner exposed to 500 rads (cGy)

would be 100 percent up to 1.5 hr following exposure; about 90 percent

close to 1.8 Kr; 80 percent at 3 hr; 70 percent at 4.5 hr; 60 percent

at 10 hr; between 50 and 60 percent from 10 to 30 hr; 70 percent at

40 hr; between 70 and 80 percent from 40 hr to 2 weeks; etc.

The performance contour levels for all crewmember positions are

constrained within a common dose/time boundary, since a uniform set of

boundary conditions were specified [0 percent for the upper-right-hand

corner and top of the 4500 rads!(cCy) dose level, and 100 percent on

the left-hand and bottom portions].

However, we point out herecthat the stairstep boundary beginning

at 48 hr for the highest dose range [3000 to 4500 rads (cGy)I indicates

p The time increment between the stairstep boundary and the outermost curve

in the upper-right-hand corner, which we designate as the zero perfor-

mance boundary for the performance level computations, represents the

period over which the vast majority of lethalities would be expected to

take place. Accordingly, we believe that although our computations in-

dicate some level of performance in the period shown by the contour

curves, they should be regarded with extreme caution. The authors also

point out that the period extending from about 7 to 48 hr for the highest

dose range [3000 to 4500 rads (cGy)] is spanned by symptom complexes

(Figs. 40 and 41) that correspond to symptom descriptions including

"exhausted with almost no strength," "faints upon standing quickly,"

C 165
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"in shock," and "prostrate" [Anno and Wilson, 1983]. Again, the perfor-

mance contours in that region, which we term as "incapacitation" in the

contour plots, should be similarly regarded with caution. Also, along

the upper portion of the plots between 0.4 and 5 hr, we have not connected

the contour lines to the upper boundary at the 4500 rad (cGy) level. That

region represents an area of relative uncertainty, because of the effect

of the imposed boundary condition where there are no explicit data (dis-

cussed on p. 149).

Along the left-hand edge of the contour plots near the boundary,

the wave-like appearance of the 80 to 90 percent performance contour

'ines, as well as the 70 percent line for some cases, area consequence

of the selected discrete dose range structure (see Sec. 4) and the nu-

merical mapping procedure described in Sec. 5. Fur conveLlience, those

portions of the contour lines could be consider 1 as straight lines,

running diagonally between the "peaks and valleys," and be well within

the uncertainty of the calculated values.

Differences in performance among the various crewmembers are more

noticeable in the contour plots than in the three-dimensional surface

plots. For example, let us examine the contour differences between the

gun crew loader in Fig. 62 and the FDC crew computer in Fig. 65, which

represent two extreme cases. The gun crew loader performs the most

physically demanding set of tasks, which includes loading the heavy

(about 100 lb) artillery projectile, whereas the computer in the FDC

. crew performs the least physically demanding tasks, which include select-

ing tabulated numerical data, performing computations with a hand-held

calculator, and verbally communicating data.

CREWMEMBER ROLE GROUPS

Graphical comparisons of the performance contours have been made by

dividing the 15 combat crewmembers into five different groups based on

the similarity of combat tasks they perform in each crew; the five groups

and crewmembers included in each are shown in Table 31. The numbers in

the column labeled "Identification" help in labeling the plots discussed

below. The last group listed, FDC, consists of 'he horihntal control -
1
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Table 31. Crewmember groups.

Group Crewmember Identification

Leader Artillery--chief of section 1
FDC--fire direction officer 5
Tank--tank commander 8
TOW--squad leader 12

Gunner Artillery--gunner 2

Artillery--assistant gunner 3
Tank--gunner9

TOW--gunner 13

Loader Artillery--loader 4

Tank--loader 10

TOW--loader 15

Driver Tank--driver 11

TOW--driver 14

FDC FDC--horizontal control operator 6
FDC--computer 7

operator and the computer. Those crewmembers primarily perform Cogni-

tive, or the least physically demanding tasks. Graphical comparisons

are made by plotting the contours for each of the five groups separately

for three different performance levels: 30, 50, and 70 percent.

Thirty Percent Performance

Figures 74 through 78 are plots of the five groups at the 30 per-

cent performance level. Figure 74 shows a fairly close grouping over

dose and time with the fire direction officer generally at somewhat

higher dose levels. Figure 75 shows a close grouping between the gunner

and assistant gunner of the artillery crew, which makes sense, since

they both perform essentially similar tasks. The tank and TOW gunners

are at the high and low dose extremes, respectively. The loaders in

Fig. 76 show a fairly consistent pattern--at least over the first two

days following exposure--where the 50 percent performance level for

the artillery, TOW, and tank loaders, respectively, are each at decreas-

ing dose values. Since much of the loaders' tasks consist of handling
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munit ions, the order of difficulty and the decreasing order of affect-

ing; dose are consistent with the weight of the munition, i.e., the

artillery loi,,er handles a 100 lb projectile, the TOW loader a 54 lb

missilt, and the tank loader a 30 lb projectile.

I Figure 77 indicates a fairly close contour resemblance for the

"tank and TOW drivers except between about one and one-half to several

days, where the TOW driver appears to require a somewhat higher dose to

reduce perform. 'cc to 30 percent. Figure 78 shows the Iwo crewmembers

I1 that require the highest dose to reduce performance to 30 percent; as

previously mentioned above, they have the least physically demanding

tan;ks. In particular the computer is shown to be the least affected

"4 dosewise.

Fifty Percent Performance

The 50 percent performance contours for the five groups of crew-

"members are given in Figs. 79 through 83. At this level, there is a

I relative 'idening of all the performance contours compared to the 30

percnt level with the exception of the drivers in Fig. 82, which even

become comparatively narrower. The widening is most apparent in the

"deviation toward lower doses of the artillery chief of section, TOW
• ~gunr~er, and artillery loader relative to the others in their respective

groups. That is, lower doses that produce 50 percent performance, as

-compared with higher doses that produce 30 percent performance, hive a
relatively greater effect on performance for those positions as compared

4 with the others in their respective groups. Such a widening effect is

"..also seen for the horizontal control operator/computer group. However,

since there are only the two members in the group, it is not readily

apparent from the plots which position accounts for the widening. The

driver group does not show the widening effect when comparing the 30
le,

percent and 50) percent performance contours.

In Fig. 79, performance contours for the leaders of the tank and

TOW crews are essentially the same, whereas the fire direction officer

requires the highest dose and the artillery chief of section requires

thie lowest dose to be affected at the 50 porcent performance level. The

rclotive pousition )f th0 contour for the chief of section is somewhat
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contrary to expectations when, realizing:that compared with others, his

tasks are no more demanding. Moreover, like the fire direction officer,

his tasks are performed while stationary as compared with the tank com-

mander and TOW squad leader who are mobile--a situation that can aggra-

vate the symptoms associated with acute radiation sickness.

Relatively smaller doses reduce the level of performance of the

TOW gunner to 50 percent as compared with the other gunners (Fig. 80);

the tank gunner requires the highest dose to be a the 50 percent per-

formance level. As would be expec-,z t;,.- tcmance of the artillery

loader is reduced to 50 perce.. _. lower doses compared to the tank and

TOW loaders, as shown In Fig. 81. Again, as shown in Fig. 83, the FDC

group appears to be among the least affected dosewise, with the computer

requiring the highest dose to reduce performance to the 50 percent level.

Seventy Percent Performance

The 70 percent performance contours are given in Figs. 84 Lirough

88. Again, the relative contour positions are similar to the 50 per-

cent performance levels although at lower doses. As shown in Fig. 84,

the significant relative deviation to lower doses of the chief of sec-

tion from the others in the leader group is again somewhat puzzling;

this becomes particularly more apparent for times between a couple of

days to a couple of weeks. At the 70 percent level, the tank gunner

shown in Fig. 85 appears not to be affected until relatively higher

doses compared with the other gunners. At the 70 percent performance

level, again, the artillery loader is affected at relatively lower doses

as shown in Fig. 86. Notewcrthy are the low dose levels that reduce

performance to 70 percent commencing within a few hours following expo-

sure. Figures 87 and 88 show a relative widening of the performance

contour compared to the 50 percent performance level for the driver and

FDC groups, respectively.

Contour Plot Summaries--30, 50, and 70 Percent Performance

Graphical summaries for 30, 50, and 70 percent performance contour

levels for all five groups are shown in Figs. 89 through 91. In those
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f ;', I I es, XW't :flCCW ittpt'.I orri.iiice l~indits rt'prt'st'-nt o'tI b v l ;irivIrups formed

byt IW~ t w' out er I eve't I cont otiCrs .For t'xaiill)Ie inl Fig. 90 the l owermost

* hin 1 ab' lcd''l~oCderi, I O IO 01115 n V lo~iders; the uppermost banid

-C ~~I .ilw It I'DlC);' inclu tdes; only Iv 'C crew posit ions-. fin one region, thle

I i~ippermost bin1d lilbclcd "Dlr ivers"' inchi Cets only dirivers. The middle

h~ind libeled "'All ronips'' is cninposed of alIl other groups, al1though

soviti Io. id or s FDC c rcwmernhe r;., or d riv ers conuldc alIso he inc 1 tded because

lie1 oliit rrnOS t i Soporifo rma nce, con ton rsi rep resellt their respective groulp

x t rones . I ii t Iie it crest 0i 1 c Ia irit v , We have Inot p resented a more

ex. tens ive cot IIectL iton of- petr ormance I)rof i I es .

SThe C'con tnir suni-imr ies all show thle meandering hand pattern, reflIect -

* ~i iig tOli per id ofI i reminiss iotn bet wL'en initial p roilrtima symptoms and mani -

eLSt ii ns, jainni e't :i 1 ., 108g3], Wh~ich beVT.ICttS less apparent with

dicc rea singý per Ctiirh;i nce levelI, i . e., withI inc reasing dose. At t he 30 and

* ~50 per-cen1t penrformanci' levels, the middle band,* which inclIutdes all grotups,

* ~~is 'borideried prinmar IlI by tileIoat! or s (in the low dose' and the FDC group

oil thbe hiigh close end , except for thit few ''tilt croppings" of other groups

bet weon' 'i honU 50 :oi 100 ihr fol1lowing exposure. There the drivers corn-

* ~~pete withI thle FDC groulp for thle high close va lues. At the 70 percent

1 cvel, *the loatlers border the low (loCst- suide of the middle hand that in-

0 Mt'S aIlI groups, whierea s thle drivers and guinners alIt erna tivelIy form

* ~~tie border at ti( hi lgh doilise e-nd rathle r thain thle I"DC group. Anly part i ci-

* ~Lar rteison for otiittcropp ing is not appairent.

Some gener~iI ixzat ions reg;irdinlog perftirminnce. can be Made from Figs.

89 thlrotiih 91 . A dIose ti at o eai lzst'50( ratl(cv)is rquiIred to rVeduce

per form nnifc t' , v I"C- sOf a I g rouips to 30 pe~rcent 2 Weeks foloIItw ing expo-

;i irec. D~oses of from till a ;boiit 1501 toC 350 r~ids (vGv) reduce thle perfor-

nin,;ic tito thle Itoiad er gron p toi 5(0 percet. 'i between a few houirs to a couplet

ol iv tol Iowil- er xpotiri no i lit' per forinmince of otther groiups are reduced

it M pecen'it luirrigl tlit', scini' perliod aiftetr hiii g txpotisres--from abont

C3501 rads (t-'Gv) to ,ibtiiit 11001 rids; (-G~v) . Dost's from abouti 130 rads (c-Cy)
rt'tlnct' per Corrvianct' of al I groiips ti 70 ptercen t froni a few hours to a

Coti;Cl It of d~y ohwing t'xposnlre. Doses aIs low as5 1001 rads (c('v) re-

C Chi~ct' perftirma~nce for th lit' adiI crv giin crew loatder and chlt (it' f setittoll

ti 70) percent hotV woen1 several tt iabouit I) lit- tolloItwing exposirt'.
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CONFIDENCE BOUNDS--CONDITIONAL MEAN PERFORMANCE

The approximate 95 percent confidence bound (L 95) of the perfor-

mance predictions given by the regression relationships are indicated

in Fig. 92. The values presented are based on the variance of the con-"^2
ditional mean (a2) as predicted by the regression relationships given

m
in Sec. 3. The L95 values represent the average percent deviation from

the predicted (mean) value for the 95 percent confidence bound (Stu-

dent's t-distribution) given as follows:

@I
1 (UL +LL

L 95m. ._. 5,m x 100L95

w U

where UL.95,m and LL95,m are upper and lower 95 percent confidence bounds,

respectively, and Pk is the performance prediction (given in Sec. 3).

The L195 map given in Fig. 92 is a composite representation applicable to

the 15 different crewmember positions and, hence, is approximate. The L9 5

ranges are given for the regions bounded within the curved lines.

The scale of Fig. 74 matches those of Figs. 59 through 73; accord-

ingly, approximate L95 values can be related to the performance contours.

Although the regression prediction L95 values do vary somewhat among the
different crewmembers (see Table 28), the variations are not large enough

to merit individual attention. Some exceptions, however, can be specifi-

cally pointed out. For symptom complex 113111, the performance data

. estimates exceeded the upper 95 percent conditional mean confidence

bounds of the regression prediction, being higher than the mean value

vredicted by the regression relationship as follows (see Table 28): ,un

crew, chief of section--14 percent; gun crew, loader--21 percent; FDC

crew, fire direction officer--14 percent; FDC crew, horizontal control

.operator--29 percent; and TOW crew, loader--14 percent.

The rectangular enclosures bordered by the dotted lines in Fig. 92

correspond to the regions where symptom complex 113111 i stipulated

(see Fig. 44). The FDC crew horizontal control operator and gun crew

loader crewmembers represent the most extreme cases and may merit spe-

cial consideration when making performance estimates, depending on
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whether or not conservative estimates are desired. It should be noted

here that the performance data for symptom complex 113111, alithough

exceeding tihe conditional mean bounds, do not lie outside the 95 percent

confidence bounds for a J'irthcr e,,1aa observation based on the variance

discussed in Sec. 3.

The L9 5 contours represented in'Fig. 92 are only applicable to the

performance values at a particular dose and ttine. We have not at tempted

to relate them to lateral variations in dose and/or time ;although, in

principle, estimates of that type can be made. The 1,95 contour pattern

shows the correlation with input data points associated with symptom

complexes used in tho questionnaires (given by the asterisks). In gen-

er,al, L95 values increase in regions devoid of the asterisks, where

regression predictions wer, ma:de for symptom complxes not included in

the questionnaires. Large increases are situated in regions of high dose

and/or long Lin'es, where caution should be extc r'ised. Consider the upper-

right-hand region where the L95 value is indicated as Z75 percent. If a

pertormance ,value of 1O percent were estimated trom one ot the contour

plots, and an error of 100 percent chosen -rom Fig. 92. the estimated

" upper and lower 95 percent limits bheid on the regression analysis would

he 0 to 20 percent. Depending upon the dose, 20 percent may be unreason-

iably excessive or 0 percent may be too severe; that is a judgment that

inmust be made by each individaial user of the information presented here.

SUMMARY AND CONCLUSIONS

In this report, the performance levels of individual combat crew-

members have been estimated following prompt ionizing radiation expo-

sure. The estimates have been develope2d to serve as the basis for

* planning military field operations and training for combat in a nuclear

weapon radiation environment. We have expressed performance as a func-

tion of two critical variables, dose (free-in-air) and time.

e* Performance levels have been expressed both graphically and in

* tabular form. The overall picture is given by the three-dimensional
- plots prepared for each of the 15 differer' :e'mhers selected to

*." represent typical short-term (from 30 c . •'c) battlefield engagement
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scenarios for small combat crews--3 to 4 members. Isoperformance plots

and the numerical data given in Appendix J provide working data for

selecting or developing further numerical estimates of performance.

Unfortunately, we cannot in any succinct manner assign numerical

degrees of uncertainty to the dose/time performance estimates provided

(other than the conditional confidence bounds discussed above). That

problem is caused by a lack of quantitative data associated with the

source of information we conabined to formulate the estimates of perfor-.

mance. The performance results we developed rely on two basic bodies

* of information. The first comes from the comprehensive symptomatology

review of human irradiation experience [Baum et al.. 19831, and the

i second comes from the army questionnaires. Based on those two sources

some guidance can be provided for utilizing the performance estimates

presented.i

From ýhe review of acute radiation sickness and symptomatology, we

are confident that the dose/time framework (Sec. 4) of symptom complexes

describes ihe typical acute sequelae for humans even though considerable

variation in response has been observed in symptom severity and time of

express ion!.

The symptom complexes used to construct the dose/time framework

represent well over 50 percent of those exposed to doses of from 300

rads (cGy):and above, from 30 to 60 percent of those exposed to doses

. of 150 to 300 rads (cGy), and from 5 to O percent of those exposed to

Sdoses of from 75 to 150 rads (c~y) [Baum et al., 19831. Therefore,

since the performance response data obtained from the army questionnaires

were based on the symptom descriptions appearing in the dose/time frame-

work, our performance estimates as a function of dose and time corre-

spond to those percentages.

The performance data correlated with dose and time were aerived

from army personnel who were asked to judge how they might be able to

perform if they had acute radiat ion symptoms described to them. Accord-

ingly, we have no clear direct way to qtiantify in a comprehensive manner

just hori rel table their Judgments might be, although the respondents,

*~b selected for the questionnaires were combat crewmemhers trained in
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pert ormi, t I aisks and ppertint, L the vqu ipment we focused upon. We

"i',fn po in tou li hit.'vr, thait f-t:er marking some improvemen ts in11 he rv-

Ssiensc dalta., our ma.s indicattes resonmiblt cons.istency in the per-

teorrame trcnds wit It symptom sverIty (and dose level) and the type of

crw•main (i .c. type of tasks per'orme(d) In view of the fact that we

camnot presrih, i sound qmantittative measure of nttertlinlty, other than

the omndit iona l vari•|t ion in the rc-sponse data, we encourage a mieasture

of undcrstand ing wit Ih regard to purpose, in its appliclation.

I "
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Appelnd ix A

RESPONSES TO (I.IST IONNA I RI.S

This appendix cOnt; ins ;all of theie risi•o,•ws fri caitch questiofl~;lire

administered to wcc'p t;ib Ie respondent s (1I 1L tOLIIl) file data are entered

in the form of tLine ill seconds. Ti1able I in Scc. " it cllizS t(hte dispo-

sition of all the questionnaires (161 tot;.1). The respOnIse to the 2!4

questionnaires were not recorded from the excluded respondents because

they did not lie within the population we wished co poll. Appendix D

contains the responses to the 21 questionnaires from respondents who

were rejected because their answers were unresponsive.
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Appendix B

DEMOGRAPHIC DATA

This appendix contains the complete returns from the demographic

data sheets at the front of each questionnaire, and is divided into two

- parts. The first lists the fill-in-the-blank answers to explicit ques-

tions. The second contains the essay responses to the question:

"Briefly describe your milita-y duties during the past year," plus any

remarks written anywhere in the questionnaire.
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Append ix C

SINGLE SYMPTOM EFFECT ON PERFORMANCE

Each figure of this appendix is devoted to one position within a

crew. Figure C.2, for example, shows one strip of plots for e. ch of the

two tasks performed by crew I (gun crew) position 2 (gunner). Perfor-

mance is plotted on the vertical axis raiging trom 0 to 1.0. The hori-

zontal axis is composed of symptom cinplexz-s that differ from one

. nother ii only one symptom (usually). The first plot shows symptom

complex lIX 111 where X (fatigability and weakness) ranges from severity

level 1 to severity level 4.

The heivy line connects the median values of the soldiers' perfor-

M, mance estimates for each of the symptom complexes. The upper and lower

lines connect the extreme estimates. The other two lines connect the

tupper and lower quartile points. In the first plot on this page, the

tipper extreme, the upper quartile, and the median all lie on 1.0 for all

the symptom complexes.

"* If we have described the increasingly severe aspects of symptom

complexes clearly, and the soldier estimates of performance are con-

sistent with that description, the lines connecting the points on the

plots should trend downward or should remain level. If one of the lines

"were to reverse (slope upward), it would indicate that performance Im-

proves as sickness becomes more severe.

There are several instances of reversals; not all are cause for

concern. A reversal in one of the extremes can result from the estimates,

"ofý a single respondent. A shallow reversal may be due to the scatter of

the estimates about two values that are essentially the same. But if

th' reversal is stedp, involves the median, and is repeated for several

cr ws, it indicates a difficulty in symptom interpretation. There does

see to be a difficulty with the symptom complex pairs 112 111/113 111,

411 111/412 111, 214, 112/314 112/414 112, 314 113/315 113, and

525 111/535 111.
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Appendix D

RETURNS FROM REJECTED RESPONDENTS' QUESTIONNAIRES

The format for the sheets in this appendix is the same as the

format used in Appendix A.

* Each sheet of this appendix contains the returns from the question-

naire of one of the 21 respondents who were rejected because their

answers were not responsive. The nature of those unresponsive answers

was described in Sec. 2, and is summarized in the table below.

Table D.l. Unresponsive answers.

Percent
*Respondent Percent Percent Excessive Percent Percent

Number Noncompliant Extremes Consistency Combined Reversals a

106 454b
108 19 54 7

113 5 8 1b 86
115 47479b
121 10551
124 9

4b138 26b
218 30 48 78b
232 4
237 4
238 b4
301 99b b
303 b95

I304 9
307 53 31 8 4 b
309 43 39 8 2  b
312 b38
316 29 62 9 1 b
338 22 67 8
403 38 20 5 '28 c

438b

aFfypercent random.

bGrounds for rejection.

cRejected for combined causes plus reversals.
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Table E.4. TOW crewmember performance.

Crewmember Positiona Crewmember Tasksb
Symptom (PkY Pk

No. Complex

P 3 4 1 2 3 4 5 6 7

S112111 0.499 0.865 1.964 0.87P 0.906 0.83 0.799 0.886 0.964 0.816 0.869

2 112121 0.891 0.863 0048 0,857 0.902 0.A69 0.780 0.890 0.948 0.8S7 0.857

3 113111 0.Rh8 0.830 0,q17 0.988 0.811 0.860 0.758 0.853 0.917 0.814 0.890

4 113121 0.813 0.7b8 0.895 0.824 0.816 0o,07 0.692 0.793 0.895 0.818 0.831

5 114111 0.719 0.596 0.786 0.558 0.695 0.767 0.428 0.672 0.786 O.5b6 0.550

6 123111 0.766 0.71q 0.813 0.748 0.769 0.759 0.612 0.758 0.873 0.745 0.750

7 211111 0.879 0.853 0.945 0.876 0.o82 0.873 0.801 0,869 0.945 0,864 0,888

A 213111 0.791 O.67 0.856 0.703 0.800 0.774 0.417 0,689 0.856 0.713 0.693

q 224111 0.605 0.939 0.785 0.06 0.618 0.581 0,397 0.600 a.785 0.S98 0.615

10 311111 0.26 0.750 0.926 0.833 0.830 0.819 0.637 0.790 0.926 0.835 0.831

11 312111 0.710 0.638 0.8054 0.765 0.739 0.664 0.507 0.689 0.854 0.769 0.760

1? 313111 0.696 0.656 0.901 0.730 0.711 0.670 0.505 0.718 0.9011 0.732 0.729

13 31311P 0.913 0.454 0.641 0.446 0.516 0.506 0.336 0.505 0.641 0.432 0.461

""14 14112 0.498 0.412 0.586. 0.197 0.517 0.464 0.261 0.494 0.586 0.385 0.409

15 314113 0.402 0.316 0.455 0.207 0.408 0.390 0.196 0.384 0.455 0.197 0,21q

16 315113 0.325 0.718 0.442 0.212 0.342 0.296 0,15 0.355 0.442 0.185 O.?49

17 334231 0.287 0.209 0,391 0.-51 0.296 0.270 0.103 0.296 0.391 0.235 0.269

18 411111 0.743 0.658 0.9,3 0.785 0.735 0.758 0.527 0.709 0.923 0.789 0.780

19 412111 0,770 0.750 0.893 0.756 0.781 0.747 0.642 0.78? 0.893 0.758 0,755

20 413111 0.699 0.604 0.8,7 0.686 0.696 0.704 0.421 0.687 0.867 0.681 0.691

21 414111 0.648 0.545 0.741 0.,25 0.653 0.639 0.393 0.612 0.741 0.530 0.521

22 414112 0.495 0.415 0.586 0.398 0.490 0.48S 0.248 0.514 0.586 0.383 0.414

23 415314 0.211 0.180 0.301 0.130 0.203 0.228 0.104 0.?28 0.301 0.130 0.131

24 513111 0,592 0.511 0.72q 0.567 0.629 0.531 0.362 0.580 0.729 0.510 0.565

25 514111 0.542 0.467 0.700 0,468 0.553 0.522 0.315 0,542 O.700 0.458 0.819

* 26 515223 0.318 0.110 0.315 0.136 0.296 0.371 0.075 0.269 0.315 0.117 0.161

d? 515311 0.402 0.282 0.530 0.239 0.399 0.409 0.145 0.387 0.530 0.2OR 0.269

28 510431 0.267 O.17q 0,344 0.1b8 0.256 0.292 0.019 0.280 0.344 0.152 0.168

29 521111 0,722 0.633 0.776 0.687 0.737 0.693 0,515 0.677 0.776 0.682 0.69?

30 525111 0.318 0.337 0.468 0.174 0.397 0.344 0,196 0.424 0.468 0.110 0.178

S31 535111 0.169 0.287 0.457 0.233 0.371 0.353 .174 0.351 0,457 0,227 0.240

32 111121 0*.34 0.914 0.073 0.930 0.040 0.921 0.873 0.926 0.913 0.921 0.939

33 111131 0.676 0.613 0.780 0.694 n.682 0,663 0.472 0.670 0,780 0.692 0,706

34 112131 0.615 0.557 0.771 0.6d0 0.631 0.586 0.400 0,628 0.711 0.618 0.623

35 113131 0.648 0.576 0.753 0.628 0.67? 0,604 0.444 0,629 0.753 0.632 0.624

36 114112 0.469 0.425 0,%28 0.344 0.496 0.477 0,284 0.492 0,526 0,3e6 0.365

37 212111 0.833 0.742 O,882 0.788 0,844 0.814 0,669 0.766 0.882 0.793 0,763

38 i14112 0.452 0.416 0,574 0.377 0.459 0.438 0.214 0.489 0.574 0.376 0.318

39 214113 0.343 0.256 0.455 Q.191 0.347 0.335 0.146 0.325 0.455 0,185 0.198

40 314111 0.580 0.491 0,701 0.R01 0.58q 0,510 0,339 0.563 0.701 0.507 0,494

a 1,Squad leader; 2, gunner; 3, driver; 4, loader.
b See Table 2 for task description.
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I Appendix F

¶ PERFORMANCE-OATA REGRESSION MODELING

G. Lall

"INTRODUCTION
* This appendix addresses the problem of fitting linear regression

models to data, focusing on the task of fitting least squares regression

equations and assessing the accuracy of the fit. Most basic texts de-

"scribe the general least squares mode and the methodology used to obtain,

S." for example, regression parameter estimates, standard errors, Student's

t-statistics, and the analysis of varihnce table (e.g., Cook and Weisberg

[19821, Draper and Smith [19821, Daniel and Wood [1980], Mosteller and

"Tukey [1977], and Seber [1977]). Although a review is provided here, we

assume some familiarity with least squi.res models.

"We discuss how to select and develop models that fit the data well,

how to use regression diagnostics to detect model anomalies (e.g., out-

liers, leveýrage points), and what to do about them. We address multi-

collincarity, correlation among model error terms, and transformation of

the response and factor variables.

GENERAL LINEAR MODEL

Assume a data set of n observations or cases, where the ith case

"consists of an observation of a response variable Yi and measures of p'

explanatory (tactor) viriables xil, xi 2  ... x. X,. Let x be the vec-
i l i 'ip i

tor x' = (1, xil, ... , xip,) and p = p' + I. We assume that the response

varivble y. is related to th, factor variables x. by a model of the form

~1

yi = G(x i; ; ) , (F.la)

where the functional form of G is specified, • is a vector of unknown

"parameters to be estimated fror, lhe data, and e is an unobsery'able ran-

dom error. More generally, the i, t-hand side of Eq. (F.la) may be re-

placed o%' a function F(y) of y; that is, we may have

"Preceding page blank



F (y)= G(xi; a; Ei (F.i1b)

where, for example, F(') could be

F(y) = log y , (F.2a)

F(y) = log ( y (F.2b)

1/2
F(y)= , (F.2c)

F(y) some . (F.2d)

Choice of a transformation F is discussed below (pp. 384-386). For

now, we assume F(y) = y.

Faced with the choice of specifying a form for G, and lacking any

theoretical considerations that might suggest one, we initially assume

that G is of the form

G(xi; 8; E.) = x!. +'c

Thus the model is

Y- x.8 + F.

p'

xijj + ,i (F.3)

j=0

where 8' = (O, Ot .... 8 p,) is an unknown vector of regression param-

eters to be estimated from the data and e is an unobservable random error

term.

In matrix notation, let Y be the n x I vector of responses:
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Lynj
Let X be the (n x p) factor matrix whose ith row is xi,:

1, x l x

ni2' ' npI

/X

Finally, let e be th- n x 1 vector of unobservable error terms.

Then the linear model relating the response Y to the factor matrix

f1 Xis

Y =X + E (F.4)

,..

The moe l isb tere d (n inp) actr beaustrixhse linearo in txi,: esio eco

y + (F.5)

then it would be nonlinear because it is nonlinear in 3.If some vari-

ables in X were nonlinear functions of other variables "n X, thc nmodc1l

Iwould still Fe l-inear as long as Eq. (F.4) is the a-ssumed model. For

r. example, if X contains quadratic and cross-product terms involving other

factor variables, Eq. (F.4) would still yield a linear model.

In addition to Eq. (F.4), the usual modeling assumptions are as

follows:
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1. Eci =0 (appropriate model).

2. The unobservable error terms El, C2 9 ... , c all have the same
2

variance, var (C.) =

3. The error terms are uncorrclaled, cov (El, F.) = 0, i A Z.

4. The error in measuring x is sitmall relative to var £2.1

5. The error terms.E and factor variables X are uncorrzlated.

6. The error terms F. are approximately normally distributed.1

In the model developed here, assumptions 1, 4, and 5 are always true.

Standard least squares regression references show that the least

squares estimate for ý is

= (X'X)-Ix'y , (F.6)

2
and the estimate for the variance a of the error term is

n
^2 1 Y 2 (F.7)0 = n--PZ~ 1

i=l
n p

where y i is the prediction of yi,

yi =x!

and ei yi - yi islthe ith residual. The vector of predictions Y is

Y = Xý and the vector of residuals is e = Y - Y. Least squares method-

ology selects • to minfmize the vector inner product

e'e (Y - X3)'(Y - Xh)

n
Sxi )2

= (yi - A2

i'17

ii "3 7 2



Since

S(X'X)-1 x'Y

then

Y =X$

= X(X'x)-l xy

* Thus, if

H1

H = X(XvX) 'X ,

then

Y -HY

* e-Y-Y

= (I - H)Y

2.9 The matrix H is both symmetric (H' = H) and idempotent (H = H), and is

"the linear transformation that orthogonally projects any n vector onto

the space spanned by the zlunins of X.

Since the linear model is Y = X8 + c and (I - H)Xý = 0, we compute

e = (I- H)Y

- (I- H)(XO + C)

= (I- H)E

Then, if H w (h ij) In scalar form we have

373
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n

e= - ijj

j=l

Thus the relationship between the unobservable model errors (c.) and the-1 1

computed residuals (e.) depends solely on H = X(X'X)- X--i.e., on the

factor variables. If all the h.. are suffiLiently small, e will serve1J

as a reasonable substitute for c; c"Yrwise, the usefulness of e may be

limited.

Returning to Eq. (F.6). .,e reexpress 8 as

8 = (xWx)-x'Y

= (X'X)- 1x'(x8 + E)

= 8 + (X'X)-i X'c

Thus, since we assumed that Ec = 0, the expected value Ea of 8 is

E8 = 8 + (X'X) 1 X'EE

=8. (F.8)

That is, 8 is an unbiased estimate of 8, whether or not the error terms C

have constant variance 02, are uncorrelated, or are normally distributed.

It is still essential that X and C be uncorrelated. The estimate a of
2
G , however, is affected by violation of the model assumptions, as dis-

cussed below (pp. 19-25).

Since 8 = 8 + (X'X) 1X'e, if it is assumed that var e = 021, where

I is the n x n identity matrix (i.e., the error terms e i have the same

constant variance 02 and are uncorrelated), then



var 8 = var [(X'x)-l'g

"(X'X)-IxV (var c)X(X'X)-

j = a2 (X'X)- (F.9)

Equation (F.9) is the expression for the variance/covariance matrix of

8. The corresponding estimated variance/covariance matrix is 0 (X X)

Again, if it is not the case that var c = a 2I (if, for example,

var e = a 2V, where V is not the identity inatrix I), then Eq. (F.9) will

give an incorrect assessment of the variance of 8.

Typical Output from Regression Package
"2 2In addition to providing the estimates 8 of 0 and a^ of a2, current

computer packages also provide the standard errors (standard deviations)

of the regression parameter estimates, the corresponding Student's

t-statistics, and R . These statistical parameters are described here.

Recall that the variance/covariance matrix of 8 is the p x p matrix

I'.

and its estimate is I(X'x). For each j, I ! j S p, the standard error

of the estimate 8.--i.e., its standard deviation--is the square root of

the jth diagonal element,I
We denote this as * jA

The corresponding Student's t-statistic for a. is

., ./



This statistic is used to test the null hypothesis H 0 0 against

the alternative H j # 0. The statistic is Student's t, with n - pA j
degrees of freedom. If t(n - p, 1 - (c ..2) is the 4value for which u/2 per-

cant of the t distribution is greater than t(n - p, 1 - a/2) [and, by

symmetry, ca/2 percent less than -t(n - p, i - (x/2)] and if

(t Zt n -p, 1-I ,

then H is rejected in favor of H . Generally, for n - p k 12,
0 A*

t(n - p, I - (x/2) _ 2.0.

One global measure of the precision of the estimated regression is
2 2the multiple correlation coefficient R2. To derive R1, note that the ith

residual e. may be written1

e, = Yi - Yi

= Yj - y - (Yi - y)

Taking the square and summing over the n cases, we obtain [Draper and

Smith, 1981]

i i i

or

(Y )2 + (Y Y)2

The left-hand side is referred to as the sum of squares about the mean,

or the corrected sum of the squares of y. Since e. is the ith residual

and y. - y is the deviation of the it`- predicted value vi from th n

this equation says that

Sum of squares = Sum of squnares + Sum of sqiuares
about the mean ahout regression due to regressimn

.//



Thus, some of the variation in y about the mean can be ascribed to the
2

regression and some, Xiei, to the fact that not all of the observed yi

lie on the regression line.

Now E(yi - y) is fixed, since it is a function of the observed data.
The sums Xe2 and .(y - y)2 depend on the model chosen (the form of the

1 12

model, selection of x variables, outliers, etc.). We desire that Ee.t,
1

the sum of squared residuals, be small. Dividing both sides of the

identity by E(y. - Y)2, we obtain

1
2 -2

• (y i- Y)2 E (yi _ y )2I

2 )N

Thus, the model may be regarded as "good" if R is near unity, which is

given as

2 
2

e- 2

= 1 - - -

Z(y Y i!

Note that 0 !r R 2 1 , always.!
However, as seen below (p. 384), R2 is not the only measure of the

accuracy of Lhe model. It should also be noted that the sum E(y. - y)

has
h Idegrees of freedom, e has n - p' dogrees of freedom, and- 2 1 2

E(Y6 - y) 2 has p' degreeo, of freedem. Equivalently, 2y has n degrees of

freedom, nv4 has one degree of freedom, Fe 2 has n - p degrees of freedom

(p = p' + 1), ;1nd Y y2 has p de.-rees of freedom. The statistical param-

eters discussed in this -sI 'ti ,n provvide the basis for th2 standard

analysis of %,ari i.thrr t tlk r.ss iin p;ickages.



Confidence Bounds

Here we discuss conf idence bounds for the carditional meail of y,

given x, and bounds on a future observed v~lue, given x.Jf ' +£

and B is a least square-- ec1timatc of P), then, as we saw earlier,

V~il

ThI; 'j is the prtci (cted vaILue of tile cond(i tional mean, E(y jx) X'ýý

and the var~lanee' is1

var (x'f3) x' (var p)x

G X' (X X) x

wlie re

h1 X'(X'X) x

A "two s igma'' or 'two s Linda rd dev i a t i On"' eon if i denuce band onl tile cond i -

ti'jnal mean E(yjx) =x'f3 is

(x'(3 2a w/hi, x'(3 + 20 v/10

Tbhis conf idence in terva I depends only on thle uncertainty in the es ti-

mate (3 of (3 if there were no ucinerta inty in (,then var (x' (3) 0 and

thle conf iden ce i n t e rva I Won Id( have zero w i d ti11

Rega rded as a f unc tinni o f x, tL h hand U1x) l(X) ) prOVi deS an ap-

proximate. 95 percen)t (-onf idence hind Onl theL regress ion sdrfaWe,

if LUx) =x'(3 2a A', LJ(x) =x'," + 2'.5 /h.

A\ rela'te'd, hut di fferenit problem i15 hlii of prehi~ttilig anlcta

rcslponseý g .Liii ie'.x. I: hit pred ic t i''on Of t it( oi.,serv'ci v -+

n il iltsv cr i I -e S



~----------------------

var (x'R + c) = var (x'a) + var e
#~d'

a2 h + a2  , -.

= U2 (l + h).

Thtq. the upper and lower 95 percent coufidence bounds on a future ob-

served value are

L0

U0 = x'$ + 2a /1-+ ,

which can be much wider th•an the earlier interval, if h << 1. For the

actual data, the interval (U., LO) should contain roughly 95 percent of

the observed values of y, whereas [L(x), U(x)] will contain a much

smaller percentage.

REGRESSION DIAGNOSTICS

This section discusses various diagnostics used for assessin• the

accuracy of linear regression models. The diagnostics include two basic

components, described above (p. 373). The two basic building blocks

for assessirg accuracy are ,. -• I.
1. The computed residuals,

e Y-y

=(I- H)Y .

2. The Tukey hat matrix H, '

H = X(X'X)-A' ,

'-,

The ith elements ot the two building blocks are. respectively,
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1. e. = i - i

t11 commonly used current regression: diagnostics are'based on these two ,,,

quantities or slight modifications.. Among th nest useful of diagnos-""'

tics using residuals are,''"

- v..--

I . The res•iduals e =Yi -Yi themselves, which can be* usqed in"-.•

Plot e. versus i

-1 1* *

2 Plo e versus each individual.-

q o lgt miagainst other variables left out of the model.

Unfortunately, vat ic = a - hii) these residuals do notare

have constant variance. -'.-'

2. The internal .studenw ized residuals, :?-

Unlike the ordinary residuals In diagnostic 1, the r ihave common con-

stant variance 1. Therefore, the plots mentioned in diagnostic 1, using

the r. rather than the e., are more u:•eful. Normal probability plots of"""'-

the r: plotted on normal probabilih paper ari v also more useful for

assessing normality than plots el' the e.. :;-:

Residuals art- also used ro discover which cases [i.e., pairs "''

(x , yi) a ro olti l ers i n t he ru.sp( nse space¢ Y, i .e. cases f or wh ich '.

ei =Yi -xi is large. .3ut i f .;ellI is large, does case i have a1 sig- . .'-'x
nif iant P.flect on aglat istnimtes oh and/or l? What woutld happen if the

it; ,v.ase w-rUn rtunatl frna h. = (data bahse (as is freqsently doual with

./e.



r

outliirs)? If () and Q(,) are the estimates of P, and u with case i

removed, how dif fe rý,,nt are f3(l) and (5 ( and c7

The answers to those questtions depend in part on the position of x

in the factor (explanatory variable) space. Ultimately, thoy depend on

the h;it matrix H1. Recall that H = X(X'X)-IX' is an idempotent symmetric

projection m;atrix, and that

Y = WY,

1| e = (I - iD)Y

S= (I - 10

Since (I - 11)11 = 0 (idempotencv), the predicted value Y and the resiL-

uia I S e are orthlogona I .

;" Also, shice H is idempotent and symmetric, it follows that

tr (H1) = rank (H) = p

n
e, Z 2

Sh.. = h.
h i J 11

j=l

Note that

"n
tr (It) hi

"" i=l

S:Horeover, it can be shown [Cook and Weisberg, 1982] that, if c is the

tt number of t imOs the i tli row of X--x'--is rep 1 icated, then

n 11 c
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Ior Lilho I DI, re),ross j 00 au,' IvS ;is, each roiw is rep I ic~a ted only Once, So

t hi 1

th aveage RcaI thait var o. ii(5 0 ht ) h if IF. I , then

v.air C. 0, so v. y .- I te I,(t, it 1; case is Itt-d perfectly. Such

ext reme ciise5 aire, rare holt poss hi )1e The far ther a valu I hiI i s IFrom

the average p/n t owaird I , t he more i nfl nent ia I is tia- i th case on the

cs t i ma ievs ,i nd o . For the models selected inr the( Intermediate Dose

l'rog ratm, p) 7 an n( = 30), so hi = p/n '-ý 0.23. lBnt there are three cases

(S"VIIptM rnCompleCxes 10, 22, 27) for wh ich Ii. . is great~er thanil 0.6. Those

oass ae high'1- 0levrage, po ii S . Thus, thli res idualIs c. and r. are men-

suios of outlIi ers inu the -espouse space Y, aiid hilgli-levera-ge points are

mkoaISure-d hv tlhe d iagoua 1 elemnoits It.. of the Tukey hat matrix 11 = X(X'X)

whl i,'I dupnld's ollilv 00 the( factor variahibe mat rix X. The Clemen~ts ill

-c a peasure oif how ftar out -nte itor space X each factor variable x.
I i

A t hirdt cls oit d i aglost it's comlh illnes measures (of extremleness inl the

l(1fililt'spalce Y wi tit meaisures oft ext romeness inl tho faýctor space X.

- flies, art, rcierrod to' asý int' lurence di aguosti,-s or iiif I uonce measures. As

* ~ ml (10(1 n'ud ea;r I ior,. a case i is importniiit or inf 1Nent ia 1 if delettion of

Cast;1. i f rom thel(liltta h~is,' casN asig'li ik-ant Shinft in the .St imate Of $

lec t i 1)



= estimate of 8 based on full data set

8i 2 e:etimaite of 8 with Ith case deleted

we seek the difference

~8 n

If Aai is large relative to some suitable scale, then case I is deemed

influential and should he examined to see If something unique or unusual

might justify its permanent exclusion from the data base.

Alternatively, the relationship between y and x may be somehow

different from the model specification in a neighborhood of the case

(xi, yd). Consequently, we seek a suitable norm, 1IA8ilI, to assess the

significance of AB . Since ABi is a p-dimensional vector, from vector-

space theory a general class of useful norms is determined by a symmetric,

positive semidefinite p x p matrix M and a positive scale factor c:

SlA~llH = Di(M, c)

,.(ABI')M(Aa i)

c

"i (B- !• - )'M(8( 1 ) -)

c

One of the most useful choices is M = X'X and c = p 2. We obtain

Di = D.(Xtx, pa2)

(0. - M")(x'x)(8 - )

pa

This metric norm, known as Cook's distance, is algebraically equivalent

to
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I) = 1 r. li

where r are t lhe st utlent i zed res idua, and h are tihe di m Ign.l 1•, 1 ell
1 Iof tilt hat malt r i x. Case, i is i if Ilione t i ai I i f 1). is large, and 1). is

if

1...ri] is large and h.ii is moderat,, (an outlier in reSPOno

space)

2. , rI is moderate and ii.. is 1'-e (a high- leverage point inl

fact or sp;t'ce,) .

3. Both Ir, ;jand hi. are moderatelv large.

The exact d(, in i t ion of "large" wii I I depend on t he problem, l)tit a ha i ,i

for comparison is usual I y o t ai n.d wit th I). greate r than 1, correspondi ng

to distances betweten i( and C'5(i) evd a 50 percent confidence region

(using an F distribution with ) p and n - p degrees of freedom).

In the li)D', the I :irgest Cook' s-dtistance valuls for the line, ar model

with the six factor variables were around 0.0 to 0.7. A value of 0.(

corresponds to a 25 percent confidn dece ellipsoid for an F dist ribut iotn

with 7 and 23 degrees of freedom. Thus, none oft (he 30 symptom complex

combinations would be considered particularly influential, indicating

that tilt, n _-I is re asona ble.

"TRANSFORM ING; rlE RESPONSE VARIABLE

When tile origgina responsý, vi ri.aIble is not normall, a tra.•sformation

oif it may he sufficiently close to nornml to allow appllication o(f the

appropriate normai thliory methods. Ilehally, a trai•sform:ation s.hoiuld

permit a model with consttant error viirki :tcc, ;approximiately niorma ie-rtrrs,

and ain easily int erpreted and scient ifical lv mc,;inigful structurc.

In t he I11)', tilt, seIecc ted response vwrrialhI, y is basi cally a rat i.l

of two times, and is always in tilth closed interval 10, I], i.e., 0 • \v I.

Thus, the rspon.•,- variable is restricted in range. If the ucSual l [neir

modl v is sel ect ed. i.e.,
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y =X' + C

then it is quite possible to obtaini predicted values x'ý that lie outside

the interval [0, 1]. Moreover, even if x'g were in [0, 11 for values of

x of practical interest, upper and lower 95 percent confidence bounds of

x'R could still lie outside the interval. Further, if y is near 0 or 1,

less variability would be expected than if y were near 0.50--that is,

var e should be nonconstant.

The typical transformation used to ensure the (0, 1) interval is the

logit transformation,

logit (Y) = C4 y 0 < y < 1

This transformation is symmetric about the value y = 0.5 and roughly

linear in the region 0.2 < y :t 0.8, which contains most of the IDP re-

sponses averaged over individuals. In that region, the logit model will

give predicted values and upper and lower confidence bounds siailar to

those of the usual model, y = x'O + C. The two models will differ when

y is near 0 or I (say, y ! 0.1 or y - 0.9).

Thus, the logit model specifies that

* y C* = + C ,

where

Y = Y.

oq

is the response variable. Once the model is fitted, the predicted value

of y is

y x10

and upper and lower 95 percent confidence bounds are
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I ex -2vna,
~95

* _

U 9 xB + 2 A a

where h x'(X'X)- x.

Thus. the predicted value y for y and upper and lower confidrice

bounds are

A*

alway bei hX itra (,1,asdsrd

ey e 1

marith thrw 1s* n) being tefco

+h y le ith cl+ ue (1

Le1
195= =L - (x' -2AhO}

j+e le

U
U e1
95 - (x' A+2 •)

l+e + e

Hence, y, L and Uv will always be in the interval (0, 1), as desired.

MULTICOLLINEARITY

Again let the i-near model in matrix form be

where X Is an n x p matrix, the ith row (I I !C n) being the factor
variable (vector) for the ith case and the jth column (I !c j !c p) cor-

responding to the jth explanatory variable. For the IDP, p ý_ 7, so we

l ~allow X to contain quadratic and cross-product terms involving tihe

S~original six explanatory variables.
SProblems involving multtcollinea rity arise when one or more columns

tiof X are nearly linear combinations of other columns of X. In that case,
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W\ X) heromes tiiistable * since X'X has rank p. If One column of X (say',

j )) is a 1perfect 1 iiie~rr combiriat ion of other columns, then X'X i s

I Iti irivi rt ihI)e (--r 1e 0 it is s ingulIar . In that case , tIre' 'f f(cts Of the

e rv, r i;,' le xi on the response caninot be o'scer ta I tied, since x .o Is

ai pcrfect I ercombinoation of several other factor variable~s.

Miii ti'oll inearity Of SeVerw! !'actor variables has the follow~ing

ct tee tS oil thle overall re,:c-.vs ion arnalIysis:

1. Perfect mii icol linearity implies that (X'A) is singular; hence, 1

heiro are no unoiqure unb iasedl least squares est imates of B.I

2. If there is multicolinearity even though (X'X) is invertible,

the individual effects of the separate factor variables on the4

r.esp-nos vairkiabl cannot be reliably ascertained.

3. Estimates of variances of individual regression coefficients

will be large, yielding wide Confidence intervals.

Consequentliy, it is important to determine whether a particular regres-

s i on model is adversely affected by muiticol.linearity. Many different

mea0.sures have been proposed. Most, however, have one or more serious

dratwback-s. For example, examining the correlation matrix of xl I . X x
reveals only pairwise collioeirity. One of the best procedures is to

hcl ' oa o hve ones along the diagonal, then compute the ordered

Ci 0 (rlValrI('S j L- 11 11 for the scal~ed matrix [Beisley, Kith, and
p 2

W4~ ellc, 19801 . The j th condition index is

k..

I f ally k .exceeds rotigh 1y 30) co lii ieari ty will be a problem.

Fr th Ie I HP, thle large st condition index wats about 12.7, uisnrg the

Si ha Sic svmp torn var iabl11es . Thurs , for those six factor varijablIes,

co 11inrear it y i; riot a problem.

t:ORRI:IAT ION A.MONC, MOI)EIL ERROR TEAMS

Utrlt now, we have assumed that the regress ion model is of the form
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Y P + Ci !i n

wh,,r- cu: (c.i . ) = 0, i # k--i.e., that the model error terms are un-

correl:it,'d. For he ID11, however, since each respondent gives an answer
to echII S;ymptom complex, it is reasonable to assume that each person's

set of answersi should be correlated--hence, that coy (ii • ) 2 0, for

It can be shown that, although the least squares estimate of i is

still an unbiased estimate for ý, &2 is biased when there is nonzero

erior covariance. Assume that the model now is

var c: = , 1 I t n

cov(: :)= p F R Z n

%ihere 0 • p I I. This model belongs' to a class termed generalized least2

squares. If p is known, estimates for 6 and c2 can be obtained without

too much difficulty. When p is unknown, maximum likelihood (ML) tech-

niques must be used. Unfortunately, use of ML strongly depends on multi-

variate joint normality assumptions for large n, which cannot be justi-

fied for our data. Therefore, we resort to the alternative of computing I
the expected bis in , then using a correction factor (inflation fac-

tor) to adjust for the bias.

Since the ordinary least squares (OLS) estimate of 1 is

"U..

= (X'x)-x'x

(X'X)- X'(Xt + 0:

= ý + (Xx)- X,: ,

anid sinice E- 0, we see that we get
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Thus, I i sst i II unb iased. Hlowever, as we now show, the ustimate (5 of

2LI is biased downward. We show that in faict

lk = o•(l p).

Recall that

12 (Y - x )''(Y - x,)
U ................ _11 - p :

Le t

S = ("- X)'(Y -X)

= IY - X . (X'X) x'YJ'IY - x • (X'X)-X'YI

- f(I - H)Y]'[(I - !l)Y1

= 1 - 1O)(xI + 1:)I')(I - M)(x£3 + 6)]

-- r'( - II)f

' I

since
'1%

(0 - l1)X = 0 and (1 - I -2.

"21
Letting a = V = coy r, and using a theorem from random quadratic forms

[Searle, 1971], we obtain

E'S = tr [(1 - t)14] :1

2 :

a tr [(I - l)V"

where tr (-) is the trace of a matrix (i.e., the suk.: of its diagonal I

elements), and
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P~~ .% . ..

P P .-. .-P

P• . ...

LL~

S• ~ ,._.•

~~. .*-.If p 0, then V =I (the identity matrix) and

ES 0 2 tr (I - H)

I l (n - p) , write

1 0 0 ... 0

o o o•...,I

tr I n and tr H = p (H has rank p)

0 1 1....-
1~g 0.1....

L2

implying that 02 is unbiased. But if p 0 , write -"- "

where

1 0 0 .. 0 -

o 0 0 13

and 
r

l 0 1 *..,-1" LT"

L = .* . .4

1 1 1 *. 0 -'

390 "

'4



Thus,

FS 0 tr 1(I - H)(I + plA)

t2 r (I - H) + p tr I(T -
"l

2 -H) i, rl

a2 In p p tr (HI.] .'

since

tr (I - H) = p and tr 1. = 0

Howevcr,

H (hil ,,.

so

n

j=2

n ... .u

2,%-

j# 2

HL =n

n

Therefore,

tr (HQL h=i
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or

EI E 22 02 )

12 2SThus, If a is an estimate of a based on ordinary least squares

"K . and p is a reasonable estimate for p, then an inflation-factor-adjusted
•.estimate for cy2 is

1 ^2

or SS -- a

Using a package from STATLIB, an estimate for p between 0.2 and 0.4 was

obtained. Thus, the inflation (correction) factor (1 - P)- 1 12 varies

.o fm 1.12 to, 1.30--i.e., a is too low by about 10 to 30 percent.

TRANSFORMING FACTOR VARIABLES

As Indicated above (p. 12), it is useful to plot the residuals
.•, (either ordinary or studentized) against each factor variable x.. A

m•. uniform horizontal band in the individual plats indicates a satisfactory

moiel. If, however, a residual plot against x displays some sort of

curvature, a transformation of x. is in order.

Further, for data like those of the IDP, it is important to deter-

0 mine the 2ffect, if any, of combinations of variables as opposed to

individuals. That is, cross-product effects between explanatory (factor)

variables may have a greater influence on the response variable th~.n does

. the appearance of either variable alone.

Thus, in addition to using the standard six variables x, ... ,x

(corresponding to upper GI, etc.), we tried to incorporate quadratic
2 2

terms x x and cross-product terms x xj, I e I. j _< 6. Unfortu-

nately, because there were only 30 combinations of the six symptom
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c-omplexes in the data, with I lit tle variation in the last three of the

,- ix fVictor variables, the analysis was beset with extreme problems caused

hv hot h mul1 t ic1 Ii wa-ri ty a nd high-leverage cases.

Many of ti1w (Itiadratic and cross-product terms were found to be either

ex;ictly co01i near with linear combinations of tile original six variables,

or ,) close to perfectly collinear that only one symptom complex combina-

tion of the 30 r'rvented exact collinearity. That is, if the one corn-

• i hination were removed from the data, perfect collinearity would result.

Consequently, the one combination would be classed as both a high-leverage

Sand extremelIV influential data point. Cook's distances of greater than

*. 15 were observed, whereas a value of one normally causes concern. Con-

* ,° scquently, we decided that introducing higher-order terms in the model

"* would be fruitless, since tine factor variables were so sparse in range

. variability. Thus, only the original six factor variables were retained.
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Appendix G

PERFORMANCE PREDICTIONS FOR CREWMEMBER TASKS

This appendix gives pet fnrman'e data for the separate crewmember

tasks. Regression parameters are also listed for fitting the perfor-

mance prediction (logit) model to the task data.

Figures 0.1 through G.12 are plots of crewmember separate task and

position performance shown for comparison. Performance values for crew-

member position, determined from the separate tasks as given in Sec. 3,

lie along the straight line plotted against performance degradation

(I - P). The tick marks along the top of the abscissa correspond to

symptom complexes ordered as given in Tables 12 through 27 in Sec. 3.

The performance plots and regression parameters are given for crew-

members who have two or more tasks; the artillery chief of section,

tank driver and TOW driver are not included, since they perform a single

- -task.

"Tables G.1 through G.4 list the regression relationship parameters

for fitting the task data. Like the performance prediction relation-

ships for tile crewmembers given in Sec. 3, task performance predictions

are given by

"p =

wher kX (1, xkl, xk2 .... Xk6 ) is a vector of integers (I • x 5),

dendenoting symptom severity level for the kth symptom complex and the £th

sympt m category, and •. are the beta parameters given in Tables C.1

*throudh G.4, for a particular task j.
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Table G.1. Regression results, gun crew.a

TASK. NIIMBEQ 2 TASK MUMbER I

AETA STANOANO STUDENT BFTA STANnAQO STIJUENT
SYMPTnM PARAMEIFk FNROP T PARAMETER ERROR I

TNTEQCFPT 1.680165 U.278924 11.226 3.0aOqI5 0.209u40 14.5P2
IIPPEQ rASTRU -0.131993 0.093qb4 -2.482 -0.194725 f.040514 -3.619
LUWLP fASTQ0 -0.412253 0.1361b4 -1.028 -0.335025 ft.,U0228 -3.,77-. FATInUF/WEAK -O.?bOU09 0.0675bR -;.q8l -0.215q93 n.050728 -4.692

"" HyPOTENSTOM -n.OdAusb 0.140524 -0.627 -U.2?dA13 0.105501 -2.169
* TNFErT/8LEFI -n.2b7I11 U.171796 -1.557 -0.121214 6.12R979 -0.94u

FLiIIO LUSS -n.47051O0 0.10044 -4.683 -0.419712 0.079440 -*.56'4

R bOUANED = U,8629 Q SUIIAQEn 1 o.q 123RmS ERNnR = 0.367710 RMS ERROR = 0.a7606a"UGF = 23 vGF= 23

FA3K NIImIER 4 TAbx 'IUMdk 5

RETA STANDARD STUDENT BFTA STANDARU ST1'UFNT
SYIIPTOM PARAMFTER FRRUR T PARAMETER ERROR T

T:TEPCFPT 3.871579 U.2915834 13.7413 2.3171)21 0.1738A1 13.3P5
*IPPEP ,A.TQU -n.120934 0.0544iA -2.220 -0.146709 0.033b41 -4.361
SIU'L0 

rASTPQ -0.437978 0.137462 -3.186 -0.319346 0.n84884 -3.762
FATIrUF'IEAK -0.27255o 0.06d212 -3.q96 -0.248733 0.042121 -5.90o
HYPOTENSTOPI -0.1401!3 U.141t8[,4 .988 -O.12'i6 0.087e02 -1.427
TNrLcT/dLEFU -0.?58543 0.173435 -1.491 -0.183087 0.107007 -t.71U
%tfIr LOSS -0.497201 0.101442 -4.901 -0.3R8378 0.0b2641 -6.21b

"R SOUARED z 0.8703 R SQIIARED = A.s305
""RMS RHOCR z 0.371217 Rt4 FRRUR = 0.22Q210, UGF = 23 OF = ?3

TASK rIim8EP 6 TASK NUMB8k I

RETA STANDARD STUDENT OFTA STANDAQO STI)DJNT

SYMPTOIM PAHAMETER FIRROR T PARAMETER ERROR T

TNTEqCFPT 1.Q82008 0.229915 0.634 3.060065 0.t8710) Ib. 395
St-POED rASTPO -0.195948 0.04441A -4.412 -0.LO474 3 0.036260 -2.o(3.LOWER rASTPO -0.244196 U.112013 -P.17q -Oo448nO5 0.091342 -4.905

FATIGfUF/1EAK -0.325546 0.055A13 -5.95a -u.2AR35 l n.n4532b -6.30b
HYPOTEMSTON -0.304213 0.115662 -P.630 -0.2 3 11 0.0942A7 -2.528
tNFEr T/ d. EF0 -0.?33430 0.141401 -1.651 -0.119442 0.115245 -1.01b

SVLIIHL LO93 -A.4b3313 0.082706 --. 602 - 0 . 4Q3 2 7q 0.067407 -7.310

-R SOUARFU 0.9324 R SUtAREI) a O94fl5f RM5 ERROR = 0.302653 RMS ERRUP .•246669
2UF = 21 nGF = 23
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Table G.1. Regression results, gun crew (Concluded).

TASK NIII4OEP 8 TASK NUMBER

BETA STANOARD 3TUtOENT IIFTA STANflAQ STiiDENT
SYMPTOM PARAMEIER FitRUR T PARAME~TER ERROR T

TNTEQCP.PT ;?.226995 0.170504 13.061 Z.417452 ft.199d4A5 J1.348
t1PPEQ (.ASTQ(J -0.13Sefia 0.03298A -. 10t0 -0.116195 0.037 805 -3,074
L-uWEPI tASTQQ .0.?4Abq'I 0*063?36 -2.988 -0.21;12b? 0.0993qa -Z.blA4
VATLGUF/wEht. -0.303318 $i.041303 -31.796 -0.250744 0.04733b -5.,2q?
I4YOOTENJSION -4.004914 Q.085901 -0.057 0O.04'1bg A.fl9F4446 -0.9S99
TNFE~rT/BLEFD -O.Po?384 0.10501? -R.354 -0.273690 ft.i2035" -2.27'4
F LUID~ LOS4 -0l.37436v 0.06142S -6.095 -O.3A4500 0.0740b8 -546

R SQUARED a 0.9430 0 8011AR0~f a 0.909q
14'S ERROR~ a 0.224776 R145 FROOR x O.R57605

09F a 21 G ?la3

TASK N14N.4E4 10 TASK t$UMBEW I1I

VAETA STANJOAWD STufOENT 5F'rA STANnAPO STtIJUNT
bYMPT0n PAMAINETFW FRROR T PARAMETER EQ~anR I

*TtJTEQCFPT 2.751840 0.235600 11.668 2.SAov23 0.1b4607 15.560
UJPPER r3ASTRU -4. 094344 0.0455be -P.114 Q.0.12504 0.432110 -3.917
LOWER AASTR0 -0.32300'a 0.115011, -2.808 0.Q36905? 0.fldtud -.45h3
PKAT1IfUF/WE4&K -0.304344 0.6S57073 -5.3'43 -0.215333 0.040230 -5.3S3
,4YPUTENSTON -0.034316 0.116697 -0.289 -0.12613a 0.086%68 -L.508
TNFECTtULEFO -0.?904?5 U.145tue -P.002 0.29009t 0.10?22? ý-a.4'5
FLUIII LOSS -0.361840 0.084876 -4.499 -0.3'54653 0.0508?8 -5.9ad

R SnUAREVt a 0.882 R SUIIARE z 60.267
RMS EROR v1 q.31059q5 4145 FRRUO a 0.21A915

DOtF ai 21 nF z23

1a Task number 1 regression parameters are those given for the chief
of section in Sec. 3.
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]i Table G.2. Regression results, FDC crew.

TASK NUMBER I TA NmIRER 2

8FTA 3TANDARD STIODENT BETA STANDARD STUDENT
SyMPTOM PARAMETER EQRiK T PARAMETER FrROR T

STNTEQCFPT 3.066d48 .l35q570 8.5344 3.40717b Q.33537q 10.159
IIPPER GAATRU -0.269195 O.Ob60 5o -3.87U -O.t941P9 0.064r6 -. 0O01
LOWER rAFTQO -O.4684R4 n.179533 - .b6A9 -0.q50326 0.163724 -3.3bi, FATInUF/wEAK -0.063q02 f.0871nq -0.729 -0.o8?764 4.081243 -t.019

a. NYOUTENSTON -0.105A20 0.181154 -1.UR! -P.225oq7 U.1689b6 -1.332
. TNFECT/BLEED -0.24305A n.Pel468 -1.278 -0.14A5qq 0.4065,6 -0.714

FLI)In LUSS -O.'57qdb 0.129537 -3.53b -0.a46945 U.12OA22 -!.A3

P SUIIAPE = A.7774 R SnUAHEU = 0.777R
RMS ERROP OP7 RMS ERROR = u.442136

fn6F = P3 UGF z 21

TASK NUMdEN 3 TASK NIIMRER 4

8FTA STANDARD STIIUENT RETA STANOARD STUDENT. SYMPTOM PARAMETER ERROk T PARAMETFR PRRUR T
TNTEOCFPT 3.981Q'4 0.Qu07l1 9.780 P.5371QI 0.173542 14.620"POER 9AST0i -0.2;2eq I.f775?d -3.305 -0.|8812 0.u33575 -5.623

a. I.-U*E0 nASTPO -0.552430 0.19'622 -2.4P4 -0.338537 0.U0471q -3.q96
a. FATIrUF/4E4K -1.04148q n.097072 -O.'47 -A.124433 0.04204n -2.Q6n

IJYPUTEMSTOI T• .UI36UM 0.?O!dA7 0.O01 -n.139473 0.087432 -1.549
TNFECT/dLEFU -0.3qb?76 0.2461t4 -1.606 -0.09950 j1o0b.RA -0.)32PLIlOI LUSS -0.587077 0.t44362 -4.067 -n.312262 0.062520 -4.99;

P SUIIAP•D 0.7303 k SQUARED = O.d976
PI RM3 FRROR = n.928278 RmS ERROR = 0.228784

nGF = ?3 &GF = 2'

TASK NUMBER 5 TASK NIIMSER 6

S8ETA STANARPU STIIOENT 9ETA STAMDA•fl STUDENT
SYMPTOM PAPAMETER ERRNR T PARAMETFW FRROR T

4- T.4TEPCFPT 2.378qb3 0.1829A4 t3.002 2.113934 0.2621 9.?16
,IPPED nASTRO -0.175P30 6.03S308 -4.950 -0.204614. 0,09078 -4.026
SLUwEQ nASTRO -0.3n1139 n.089319 -3.371 -n.38081 0.128377 -P?.6fh
PATInUF/WEAK -0.081759 O.n44322 -1.845 -0.08248b O.063704 -1.299
NHPOTEPISTIN -0.43004 n.092179 -0.467 -0.1704R2 0.132488 -1.355

A TJNFECT/dLEED -0.111A82 0.112692 -1.170 -0.081187 0.16101 -0.90!FLIIIn LOSS -0.311628 O.n699t1 -4.728 -0.337966 O.vq4737 -3.5bl

R SQUIIARED = O.*847 R SnU;EO = 0.79Q6
RMS ERROR = 0.o24205 RMS ERROR = 0.346681

ODGF = ;1 UGF = 23

[j 410

.,.7

\ • ...- \



Table G.2. Regression results, rIJC crew (Concluded).

TASK NUMUFN 7 TASK hiI#4AE. 6

BVTA 14TANflARu STUDENT META 5TANIJARO STUDENT

SYMPTOM PARAmETER EQHflR T PARAM4ETER FRRQU T

TNITLPCrpy 2.r20. 4~.144171 1~012.556462 U.22318 9  It.4b3

i#PPEP tCASTPU -.014aq95 0.0390a -4.00o -0.217167 0.063181 -5.029

LOWER CASTRU -.0:A1.*b915 0l.f89908 -4.739 .0*A1bog0 gU~10"55 -3.819

FA?1IrUF/WEAK -O.OA3008 nt.oa4u4i -1.581 -4).044161 0*Q5d4ftb6 -0.817

* OE'TN -0.248992 0l.09~2747 -2.079 -4.124SM3 Q.lt2'44 -1.108a

* T P OE MST, EON 6OO l R 4 .111'a 36 -0. 069 -4 .*17 59t3 0.1 374b7 -1.2 60

FLUIDf LUSS .0.3?bQ1R fi.Ob6349 .4.ý27 -0.42i~q6 0.g0A404S -S.247

q SPI~APRD z 0.677b R snuAREO : 0*8543

QNS FR0JR 2 fl.P427*b RMS ERROR 0.204233

flGF = 3DGF
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Table G.3. Regression results, tank crew.

TASK NUNSFR I TASK N114LR 2

BETA STANDARO STIuOENT RE'A STANOARD STUDENT
SYMPTOM PARAMETER ERROR ' TPARAmETER FRROR T

TNTEPCFPT 2.624024 O.271434 10.404 4.352746 0.*33823 13.470
IIPPER GASTPU -U.2Aba0 6,052515 -5.454 -4.321166 OO4071;. -5.369
LOWEP GASTRO -0.041689 0.132507 -3.114 -0.57tOa 0,153201 -•.726
*PAT14UF/WEAA -0.2t3909 0,065753 -3.253 -0.2b1402 0.076022 -3.491
HYPOTENSTON -0.a14144 0.136751 -1.566 -0.192390 0.158106 -1.217
TNFECT/dLEED -0.046180 0.167183 -0.408 -0.01,041 0.093291 -0.0*2
FLtFIfl LOSS -0.419119 0.097785 -4.491 -0.525t15 0.ISOSA -4.644

0 SQIAREU 2 0.4871 14 SQUARED 2 0.870
OMS ERROR 2 4.357836 RM$ ERROR 2 0.413718

flGFa 23 OAFa 21

TASK NUMBER I TASK N4INSER 4

bVTA STANDARD ST'1DENT BETA 3TANOANO STUDENT
3SYMPr'M PA0 METEP ERNOR T PARAMETER FuROR T

TEI•oCEPT 3.461q14 0.231725 14.940 3.762089 0.237709 MA.8Z6
11PPEC GASTRO -0.2•a7•45 0.044832 -b.bb -0.305305 0,045990 -4.63q
LOWLQ CASTRO -0.504P97 0.113122 -4.458 -0~.473944 0.116044 -4.065
FAT!IGUF/WEAK -0.55146 0.056134 -4.545 -0.1973S3 0.097584 -3.427
HYPOTENSTOM -0.17968a 0.116745 -1.539 -0.043962 0.1197bO -t.202
TNFECT/dLEFD 0.009123 0.1427PS 0.064 -0.128056 0.146411 -0.875
FLU1Ifl L3S3 -0.486394 0.083480 -5,.R9 -0.474561 0.085636 -S.539

R SWUIAREn a n.9233 R SQUARED 8 0.91t8
OMS ERROR x 4.305487 RM5 ERROR 2 0.313376

nGF a P3 UGF a 23

TASK NUMBER 5 TASK NIOMRER 6

BFTA STANWAQO STUDFNT SETA STANOARO STUnENT
"SYMPfn" PARAMETER ERROR I PARAMETER FNRUR I

TNTEPCFPT 2.6103S O.2721 li.488 4.419381 0.242622 1A.215
1IPPER GASTR( -0.ZM6496 4.043yA1 -6.51? -0.304991 0.046944 6.61U3
LU4E9 RAITRO -0.3•2l076 0.110924 -3.174 -0.631196 0.lta442 -5.346
FATIGUE/WEAK -0.172?27 0.055045 -3.13u -4.159524 0.0o577C -2.714
IHYPOTENSTON -0.137A27 0.11447b -1.078 -0.22290a 0.121235 -1.824
INFECT/bLEFO 0.059603 0.139951 0.426 0.017539 0,14947 0.117
•LII•1 LOSS -0.456446 n.081888 -5.57b -0.479837 0.087406 -6.654

S9 SUIIARED a 0.q084 R SQUAIED 2 0.9192
RMS ERROR 0.299550) RMS ERROR 3 0.319853

nGF a 3 3GF x 21
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TASK NUMBER I TASK NIIMER2

8FTA STANrARO STUDENT 13ETA STANDARD STUDENT

.:SYMPTnM PARAMETER EpRnR T PARAMETER FRROR T

' NT~qCFPT 3.94414P 0.P8002 14.013 1.704844 0.244205 13.036
tIPPER 9ASTRO -0.225626 0.053813 -4.0q3 -0.2333Q9 0.05449t -4.PS3

•LuWER 9ASTRO -0.243d45 0.13A276 -1.905 -0.284117 0.140017 -2.058SFATICUF/WEAK -u.3?46bO 0.065301 -5.717 -0.3b4699 0.066123 -5.3b7
•|HYPOTENSTUff 0.012134 0.133aN8 0.041 0.124455 0155 .1
• TNFrETI/BLEED -0.3A4484 0.113V37 -3.401 -0.411633 U.114460 -3.614SFU!In LOSS -0.516037 0.099225 -b.201 -0.4931A9 0.100474 -4.909

,0 SU5IIAREn = O.AbA3 R SnUAREO X U.d212S9N5 ERROR x 0.3959?0 R45 LRwnm = 0.4O0q05

tITASK NUMBER 3 TASK NOOMPER

S. FTA STANnARU STOIUENT FIETA STANUARD STUWENT

SYMPTnM' PARAMETER ERROR T PARAMEIFR F•RUR T
SINTEPCFpT 3.319075 0.701455 1t.077 3.565372 0.267341 13.533
SI.IPPEO rASTOO -0.279t93 4.05?7qa -4.810 -0.216770 0.05125* -4.?49

LU4ER GASTPO -0,207ATO0 .o4AS16 -1.4n0 -0.a$3533 Q.IT1700 -1.925
FATISUEtWEAK -0.418429 0.070137 -6.251 -O.339a01 0.o62200 -5.3dq
M YPOTENsTON -0.003445 0.1437A0 o0,027 0.022980 0.i21510 o. Io0
TNFErTtBLEFD -0.473434 0.I12140 -3.900 -0.a44564 0.1O76bg -1.200
F LI)In LUS3 -0.4A8139 0.106573 -4.5140 -•4.41193 Q.oq4512 -5.093

"';R WOIAPEn o .A775 R SQUAREU : 0.8593

II
Tabl GRO .4.2Rgresio reul s, TOW zrew.316

TASK NUiMHER 6 TASK NUMBER 7

•BLTA STAND'ARD STUDENT BETA 3 tV0A •RD ST'lO•wTSyMPTnm PARAMETER FRRR T OARAMETER ERRnS T

TNTERCFPT 4.33S467 0.2878b7 I4.nb3 4.464494 0.?76713 16.133 0
IIPPER (ASTRU -0.254126 0.095193 -4.604 -0.319320 0.051540 -5.9648
LOWER 9ASTnO -n.277?42 0.I14120 -1.921 -0.b41741 0.130-04 -4.7l5FATIrUF/WEAK -O.327975 0.066975 -7.'83 -0.21U48t 0.060037 -3.14014YPUTENSTUN 0.03I2Ib 0.137798 o,• -u.j02817 0.13032u -1.3A3
TNFECT/dLEFD -0.901Sqj" 0.115q34 -3.54,' -0.3241 2 0.11044?03.140

SFLII"n LOSS -0.643b66 0.1019e? -6.329 -0.547958 0.100bq5 -5.549
R SnUANEU z 0.9111 R SU1APEn a 0.aO1

RMS ERROR = 0.406067 R US FRPOR 2 0.3608ZZ

SASK aUBE 31 TASK 2, E 23

,a aTask number 5 regression parimeters are those given for the driver t
Sin Sec. 3.

S4140

BFA SADAO 5 UETRT SAIAD TDN

SYMPOM ARAMTER ER~OH TPARM~tE ~NUR
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Appen'd ix It i'

'A\RLY L)WE1R (A',;TRI ONTI-KST1 NAI i S!R S S EFFEECT ON PIERFIORIMANCE'

This appendix shows the eIFuct of early lower gastrointestinal

distress (1,G) on perforiiiuiinc. A,- discussed in Sec. 4, that (,f-,'ct is

dute to one or two brief epi ;odes of diairrl•,i th;it ma;y occur iii a

minorityLv of individnils--aibout 10 percent with a maximuin of 10 percent

at hig, h oses o if the interl-iLdi atc dose range.

Figotres 11.1 and Ii.2 give the symptom complexes, includin,; the

cirly LG effect. Figures 3.3 t irotgl11 t1. 6 ire L hrec-di i lens iono 1 ))IoLs

tor the gun crew Loader, FI)C computer, r:ank comma'tnder, aind TOW loadcr,

,--osen to il lustratc the early LG effect on perf'ormance. Begi-nning

with doses from airoUnd 300 to 450 rods (cGy) and for times between

. about 2 to 6 hr, the initial sur!c•we depression is largely attributahble

*1 to early L effects.

Figures 1t.7 t;hrough 11. 10 show thlie early LC e .-ect on performance

, iFI, vcn in the contour plots of the saime four crewmembers. This is indi-

* cat ed by the d ippuing in the perfotrmance contours at the doses and timnes

indicated above.
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Appendix I

DOSE, TIME, AND CREWMEMBER PERFORMANCE INPUT VALUES FOR MAPPING

I!

Preceding page blank
427



Table 1.1. Initial performance data, gun crew.

"OSE-RANGE SYMPTOM CHIEF OF ASSISTANT
4RADS (CGY) COMPLEX TIME-RANGE TIME SECTION WINNER GUNNER LOADER

75- 150 211111 5.0 1A.0 9.4q 0.722b 0.8320 O.0A83 0.b814

150- 300 211111 3.4 4.5 3.91 0.7226 0.8320 0.8083 0.b681

311111 4.5 5.0 4.70 0.6751 u.810
6  

0.7665 0.6087
312111 t.0 6.0 5.48 0.6341 0.1701 0.7403 0.5777
412111 0.0 6.8 6.39 0.5804 0.7432 0.7135 (0.315
413111 6.6 12.0 9.03 0.5357 0.b937 0.65F3 0.,i667
313111 12(. 16.0 13.b6 n.5919 0.7239 0.6t0o o.50s3
213111 1o.0 21.0 18.33 0.6444 0.7522 0.7162 O.!3"9

113111 21.0 40.0 ?O.98 0.6943 0.7784 0.7428 0.57-1
112111 40.0 540.0 146.97 0.7314 0.8178 0.7888 0.b472
112121 54ij.0 1060.0 75b.57 0.6568 0.7844 0.750b 0,5916

300- 530 211111 1.8 2.7 2.20 0.722b 0.8320 0.8083 0.6814
311111 2.7 3.5 3.07 0.6751 0.8106 0.7665 0.6087
31211; 3.5 3.9 3.69 0.6341 u.77i1 0.7403 0..717
'412111 3.9 4.6 4.24 0.5804 u.7432 0.7135 0.t415
413111 4.6 6.6 5.51 0.5351 0.6937 0.6583 0.4607
'414111 6.b 13.0 9.26 0.4904 (#.6319 0.59A5 0.3932
31/4112 13.0 22.0 16.91 0.4i8b 0.5694 0.5247 0.1259
214112 22.0 35.0 27.75 0.4947 0.0'JA 0.532 0.3560

114112 35.0 40.0 37.42 0.5510 0.6392 C.59!2 0.3933
114111 40.0 45.0 42.43 0,6545 0.7333 0.6909 V.5016
113111 45.0 320.0 120.00 0.6143 U.7784 0.7428 0.57b1
114111 320.0 360.0 339.41 0.6545 0.7333 0.6909 0.5016
114121 760.0 450.0 402.49 0.5712 1).6967 0.6430 0.'44eQ
114131 450.0 780.0 592.45 0.4836 0.6574 0.5921 0..ý857
134131 780.0 1080.0 917.82 0.3108 0.4821 0.4108 .eSb8

530- 830 211111 1.2 1.7 1.43 0.7226 0.8320 0.8083 0.b814
311111 1.7 2.4 2.02 0.6751 0.8106 0.7865 0.6847
411111 2.4 2.7 2.55 0.6238 0.7871 0.7630 0.6146
'412111 2.7 3.3 2.96 0.5804 0.7432 0.7135 (.'415
512111 3.3 3.5 3.37 0.5246 0.7143 0.6852 0.5050
513111 3.5 4.8 4.10 0.4793 0.b618 0.6274 0.4330(4

514111 4.8 10.0 6.93 0.4343 0.6050 0.5657 C0.35b8
4414112 10.0 16.0 12.65 0.384U 0.5132 0.a0lO f .Ž445

314112 16.0 26.0 20.40 0.438a 0.5694 0.5247 0.3259

e14112 26.0 45.0 34.21 0.4941 0.604, 0.5582 0.3589
i 113112 45.u 50.0 47.43 0.5953 0.0936 0.6515 0.4607

113111 50.U 190.0 q7.47 0.6943 0.7784 0.7428 0.57ol
113121 190.0 ?50.C 217.95 0.6149 u.7458 0.69q5 0.5176
114121 25C.u 280.0 264.5R 0.5712 0.bqb7 0.6430 0.a449
114131 280.0 410.0 316.82 0.483u 0.6574 0.5921 U.3857
214131 410.0 520.0 461.74 0.427b 0.b237 0.5591 0.3516
314133 5?0.0 630.0 572.36 0.200u 0.37Ž8 0.3169 0.1626
'424133 630.o 760.0 6Q1.95 0.1216 u.e634 0.2103 U.1112
434143 760.0 q10.0 871.02 0.0633 0.1722 0.1356 0.0686
444153 910.0 1060.0 991.36 0.031V 0.1079 0.0805 0.0416
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Table I.1. Initial performance data, gun crew (Continued).

OOSE-RANGE SYMPTOM CHIEF OF ASSSTANT

RADS (CGY) COMPLEX TTME-RANGE TIME 3FcTION 6UNNER GUNNEM LOADER

830- 1100 211111 0.9 1.3 1.08 0.7226 0.8320 0.6083 0~b614

311111 1.3 1.4 1.35 0.6751 0.a106 0.7865 0.o467

d! 111 1.4 1.8 1.59 0.6341 0.7701 0.7403 0.5717

413111 1.8 2.5 2.12 0.5557 0.693? 0.6583 v.4607

51"111 2.5 3.2 2.83 0.4343 0.6050 0.565? 0.3505

515111 3.2 7.6 4.93 0.3904 0.545? 0.5019 0.d931
515112 7,b 9,0 8.27 0.?932 0.4358 0.3946 0,2!08

,515113 91 0 14.0 11.22 0.2118 0.3322 0.2967 0.1468

415113 14.0 22.0 17.55 0.2519 0.3657 0.325b 0,1bal

315113 2200 35.0 27.79 0.2968 0.4000 0,3559 0.1874
Z15113 35.0 50.0 41.83 A.3460) u.4356 0.1874 fi.21VA

214112 10..0 200.0 52.941 0.4947 0.6048 0.3o82 0.3509
114112 56.0 b7.0 61.2S 6.S510 %0.o34 0.591? 0.3933

114111 60.0 92.0 78.51 0.6545 0.3333 0.6903 0.!O06124111 92.0 110.0 10u.60 0.5ba0 00b570 0.607b 000?88

131111110.0 16.0 1320.9 0.4771 0.5716 9.5178 0.3bO9

134121 160.0 100.0 16.717 0.3905 0.5270 0.64b3 0.4Ob7

234121 180.0 190.0 164.93 0.3386 0.4950 0.4304 0.27v3

235151 0O.0 800.0 1946.4 0.2994 o.4e97 0.3109 0.1e4e

235131 208.0 2b1.0 211.04 0.1023 0.03863 0.3203 0.1062

352•23 260.0 230.0 286044 0.1730 u.2470 0.2592 Q 0.1205

315343 20.0 20.0 539.41 0.2174 0.k155 0.2623 0.0714

415343 362.0 410.0 384.19 0.0930 0.1910 0.035 q.0622

415344 410.0 0.0 44.728 0.0b22 0.1326 0.1119 0.0410

h' 21354 160.0 520.0 48.408 0.0359 0.0964 0.0815 0.0263

1100- ý500 211111 0.7 04 C.72. 0.8310 0.8392 0.5013 006114

1341121 9.0 1.0 0.96 0.6751 0.6106 0.7865 0.b267

314112 110.0 10.3 1.14 0.06341 0.7701 0.740 U .5717

413111 1.3 1.7 1.41 0.53S7 0.6933 0.6593 0.1756

15 145 1•32 1.7 Z.3 1.49. 0.4343 0.6050 0.1457 0.1105

5i 160 2.3 52 3 100 330 0.3904 0.5452 0.5016 0.0431
'5 11221 5.3 5.7 5.50 0.?965 0.4572 0.4162 0.e1et

515222Z 5.7 8.0 6.7S 0,2144 0.3517 0 .357 01418

515423 2.0 16.0 11.31 0.1502 0.1290 0.2299 0.1005
415223 16.0 25.0 20.00 O.1a14 0.2860 0.?546 0.1145

314223 25.0 27.0 25.9 0.0174 0.3129 0.2511 0.0103

314545 300.0 340.0 319.37 0.02980 .4000 0.0559 0o.0157A

2545113 40.0 50.0 44.72 0.3460 0.4356 0.367; 0.Z108
214113 V5000 66.0 57.4S 0.3801 0.4965 0.4496 0.26510

114!11 66.0 80.0 72.66 0,5510 0.6392 00591i: 0_4933

1?4112 80.0 9?,0 85.79 C.4600 (J.5524 0.5005 0.3259

134112 92.0 110.0 100bo6 0.3715 0.4622 0.4096 1.2650
i•14 4112 110 .0 120.0 114 .69 0.2909 0.3744 0.3249 (J.2119

14412? 120.0 140.0 129.61 0.223b 0.3333 0.2795 0.0?b2
S145132 140.0 160.0 1490b? 0._44b 0.2463 0.1947 0.1105

245232 160.0 210.0 183.30 0.1121 0.1919 0.1565 0,0il1

•345342 210.0 260.0 233,60 0.0622 0,12o0 11J29 0.0472

S445443 060.0 300.0 279.29 0.0011 0).0632 0.053q# 0.0221

.;454454 300.0 340.0 319.37 0.0180 0.0313 0.0•!59 0.0115

545454 340.0 420.0 377.89 O.0115 0.0304 0.0U53 6.0098
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Table I.I. Initial performance data, gun crew (Concluded).

DOSE-RANGE SYMPTnM CHIEF OF ASSISTkNT
RADS (CCGY) COMPLEX TIME-RANGE TIME SECTION GUNNER GUNNER LOADER

1500- 3000 I11111 0.4 0., 0.52 0.72?6 0.8320 0.R083 0.b814311111 o.6 0.8 0.71 0.6751 0.8106 0.7665 U.6487

412111 .6 1.1 07.96 0.5804 0.7432 0.713' f 0.:145
513111 1.1 6.0 1.24 .0.4793 U.bb18 0.6274 0.-304
514111 1.0 1.8 1.59 0.4341 0.6050 0.5o57 0.(ds5d3515211 1.0 2.3 1.0300141 0.378 0.50i!0 0.4b94 0.2543
515321 2.3 1.7 2.4. 0.2825 u.0196 0.30650 u.013
515331 2.7 5.4 3.32 0.2171 0.3717 0.3353 0.0143515332 5.4 6.6 5.97 0.1523 0.2759 0.2461 0J.101;?

i ; 515333 6.6 8.0 7.27 0.1042 v.1q71 0.1744 v.0677

555334 0.0 20.0 12.75 0.0701 0.1306 0.1002 U.0007
415334 20.0 24.0 21.91 0.0063 0.1547 0.1352 (,.U513
4153Z4 21.0 32.0 3?.71 04 01 0.1184 0.1798 0.1o25 0.U614
315314 32.0 50.0 40.00 0.1932 0.2330 0.2161 0.0913
314414 50.0 72.0 60.00 0.2118 0.2471 0.2383 0.1004324513 72.0 86.0 76.bq 0.2123 u.s!288 0.227s oO.UqO
334513 8b.0 96.l9 0.a6 0.157b 0.1713 0.1bq3 0.0734

344413 0b.0 110.0 102.76 0.1518 0.1461 0.138b 0.()670
354513 1U.7 140.0 124.10 0.4Ob7 0.1073 0.0731 0.0336
355553 140.0 170.0 150.87 0.0358 0.6051 0.0&69 0.5U|9
455543 170.0 220.0 193.39 0.0404 0.0380 0.0335 0.0137
555554 220.0 270.0 243.72 0. 00.000 0.000o 0.2430
555555 170.0 300.0 264.61 0.2000 0.000o 0.0000 O.kuO81

3000- 4500 R1115 1 0.3 0.4 0.32 0.7226 0.8320 0.8083 0.1214
311111 0.4 0.5 3.42 0.6751 0.8106 0.7865 0.6467
411111 0.5 0.6 0.52 0.6238 0.7871 0.7t30 U.bI46
341111 0. 0.7 0.61 0 0.04 0.#132 0.7135 6.5315

513111 0.7 0,8 0.71 0.0653 0.6618 0.6274 0.0304
511LU4 0.8 6.0 0.80 0.0443 0.6050 0.5657 0.3508
514211 0.8 0.0 0.87 0.4181 0.5630 0.5335 u.3152
515211 0.9 1.1 3.4 0.0573 0.5070 0.4074 0.2543
515311 1.1 1.3 1.20 0.07U9 0.4146 0.3850 0.1813
515431 1.3 2.7 1.87 0.2061 0.3327 0.3070 0.1257S15431 2.7 4.? 3.37 0.1111 0.1J944 0.1754 0.0741
b35432 4.2 5.0 4.58 6.0749 0.1345 0.1210 O.v4ý0O
535433 5.0 5.6 5.j2q 0.0498 0.0910 0.0818 0.03il
515434 5.6 6.6 6.Us 0.0659 0.1174 0.1071 0.0ý70
515435 tp~o 26.0 13.10 0.0437 0.0789 0.0720 0.0242
515425 Pb.0 30.0 27.93 0.061o0O.0g30 0.0879 0j.0304
515525 30.0 33.0 31.46 0.0573 0.0794 0.0780 0.0251
515515 33.0 55.0 4j!.60 0.0796 0.0J936 0.0950 (1.0310
535515 55.0 70.0 be.05 0.0400 O.u477 0.04A, u.U178•

555515 70.0 91.0 79.81 0.0197 0.0237 0.0236 0.01u0
555525 q1.6 110.0 100.05 1.0139 U.0199 0.0191 u.O079
555535 110.0 120.0 114.89 0.0000 0.0000 O.OO0o O.uOoo

'.4
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Table 1.2. Initial performance data, FDC.

FIRE HORIZONTAL

DOSE-RANGE SYMPTOM DIRECTION CONTdOL
RADS (CGY) COMPLEX TIME-RANGE TIME UFFICEN OPEkATOR COMPUTER

?5- 150 211111 5.0 18.0 9.49 0.8168 0.7479 0.8078

150- 300 211111 3.4 4.5 3.91 0.8168 o.7479 0.8076 L

311111 4.5 5.0 4.74 0.7800 0.7105 0.7811
312111 5.0 6.0 5.48 0.7078 0.6900 0.7082
414111 6.0 6.8 b.39 0.7444 Q.b480 0.7381
413111 6.6 12.0 9.e3 0.7102 0.6254 0.723b
313111 12.0 16.0 13.86 0.75!1 0.6687 0.7548

213111 1b.0 21.0 18.33 0.7950 0.7093 0.783[
113111 21.0 40.0 ?6.98 0.8299 0.7488 0.099

112111 40.0 540.0 146.97 0.83q5 0.7648 0.8210
112121 540.0 1080.0 756.57 0.8043 0.7469 0.8131

300- 530 211111 1.8 2.7 2.20 0.8168 0.7479 0.8076
31l111 2.7 3.5 3.07 0.7800 0.7105 0.7811

312111 3.5 3.9 3.69 0.7678 v..oqo0 0.7682
41i111 3.9 4.6 4.24 0.7244 u.648f 0.7381

"413111 4.8 6.6 5.51 0.7102 0.6254 0.7k38
414111 0.6 13.0 9.26 0.6957 0.0023 0.708b
314112 13.0 22.0 1b.9l 0.6391 0.5705 0.6679
214112 22.0 35.0 27.75 0.6902 0.e162 P.7029
114112 35.0 40.0 37.42 0.7370 1.5599 0.735b
114111 40.0 45.0 42.43 0.8198 0.7279 0.7983
113111 45.0 320.0 120.00 0.8299 U074b8 0.8099
114111 320.0 380.0 339.41 0.8198 0.7279 0.7983
114121 360.0 450.0 402.49 0.7814 0.7082 0.7898
114131 450.0 780.0 592.45 0.7375 0.877 0.7807
134131 780.0 lObO8O 917.82 0.4958 0.5249 0.6045

530- 830 211111 1.2 1.7 1.43 0.8168 0.7479 0.8076
S311111 1.7 2.4 2.02 0.7800 0.7105 0.7811

411111 2.4 2.7 e.55 0.7381 (0.6700 0.7521
412111 2.7 3.3 2.96 0.7e44 0.6480 0.7381
512111 3.3 3.5 3.37 0.6763 0.o037 0.7055
513111 3.5 4.8 4.10 0.6bO9 0.5501 0.6q00

h14111 4.6 10.0 6.93 0.6451 0.!551 fl.6740

414112 10.0 16.0 12.65 0.5847 0.5235 0.6310
314112 16.0 26.0 20o40 0.63Q1 0.5705 0.6079

214112 26.0 45.0 34.21 0.6902 0.6162 0.7029
113112 45.0 50.0 47.43 0.7503 0.6815 0.7497

113111 so.0 190.0 97.47 0.8299 0.7468 O.8U99

113121 190O. 250.0 217.95 0.7931 0.7279 0.8016
114121 250.0 280.0 264.58 0.7814 0.7082 0.789b
114131 280.0 410.0 338.8? 0.7375 0.e87? 0.7807

214131 410.0 520.0 "61.74 0.6907 0.456 0.7518

314133. $20.0 630.0 572.36 0.4025 0,4423 0.5599

424133 830.0 760.0 691.95 0.2406 0.3173 0.4148
434143 760.0 910.0 831.b2 0.1g84 0.2300 0.3058
444153 910.u 1080.0 941.36 0.0641 0.1610 0.2149

I
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Table 1.2. Initial performance data, FDC (Continued)./

FIRE HORIZONTAL

DnSE-RANGE SYMP~TOM DIRECTION COnTROL

RADS (CGY) COMPLEX TIME-RANGE TIME UFFICERi OPERATOR COMPUTER

830- 1100 211'111 0.9 1.3 1.08 0.8168 0.7474 0.8076

3121111 1.4 1.4 1.59 0.7000 0).7090 0.7811

311111 1.3 1.8 1.359 0.7600 0.7090 0.7021

413111 1.8 2.5 2.12 0.7102 u.625
4  0.7236

514111 2.5 3.2 2.83 0.6451 0.b561 0.6740

515111 3.2 7.6 4.93 0.6290 o.5319 0.6576

515113 9.0 14.0 11.22 0.3913 0.3143 0.4871

415113 14.0 22.0 17.5,5 0.4471 0.419b 0.527b

51s113 22.0 35.0 27.75 0.5043 0.46b4 0.5678

21b113 35.0 50.0 41.53 0.5613 0j.5137 0.6071

214112 50.0 56.0 '52.91 0.6902 0.610? 0.7029

114112 5610 67. 161.2.5 0.7370 0.0599 0.735.

11i"11 67.0 92.*0 76.b1 0.8190 0.7279 0.7983

124111 92.0 110.0 '100.60 0.7291 Q.6545 0.7217

134111 110.0 160.0 132.66 0.6142 Q*5?30 0.6295

134121 160.0 180.0 169.71 @.s555 0.5491 0.6170

234121 180.0 190.0 ;84.93 0.98 .4074 0.5789
235121 190.0 200.0 104.94 0.4813 47 059

235131 200.0 260.0 226.04 0.42t17 0.4532 0.5469

325232 260.0 320.0 RA6.44 0.3371 0.3
8 U4  0.4705

315343 320.0 360.0 ý39.41 0.2605 0.3328 0.4219

4053443 360.0 410.0 384.19 0.2188 0.2921 0.3629

4153444 410.0 460.0 t 434.28 0.1471 0.0304 0.3v37

505354 4609V 520.0 #.89.@8 0.0973 u.183S 0.2602

1100- 1500 211111f 0.7 0. q 079 0.8168 0.7479 0.8076

31111 0.9 1.0 0.95 0.7800 0.7105 0.7611

31Z111 1,0 1.3 11.14 0.7678 0.6900 0.7682

413111 1.3 1.7 1.149 0.710? 0.6254 0.7a!3b

514111 1.7 2.3 1.98 0.6451 0.5561 0.6740

b15111 2.3 5.3 3.49 0.6290 0.5319 0.6576

5152Z1 5.3 5.7 5.50 0.5295 0.4740 0.5951)

515222 5.? 8.0 b.75 0.4094 0.3956 0.5062

515223 8.0 16.0 ý11.31 0.2992 0.3217 0.4208

M15223 10.0 25.0 20.00 0.3493 0.3644 0.4005

315223 25.0 ý27.0 25.98 0.4031 0.40,04 0.Su13

£51%13 27.0 40.0 3a.86 O.5o43 0.4664 0.5678
2113 40.0 50.0 44.72 0.5613 0,5137 0.6071

2114113 50.9) 66.0 57.45 0.5784 6.5381 0.624b

.11411? 69..I 80.0 72.66 0.7370 0.6599 0.735oa

124112 80.0 92.0 85.79 0.621t7 .5789 0.64458

134112 92.0 110.0 10U.60 0.4951 u.4933 0.5443

144112 110.0 120.0 114.69 0.3672 0.4062 0.4391

144122 120.0 140.0 129.61 0. 31~ 0.3849 0.4261

1401321 140.0 160.0 149.67 0.?505 0.3399 0.3954

245232 160.0 210.0 103.30 0.1833 0.2713 0.3097

J45342 210.0 260.0 233.67 0.105V 0.1964 0.2259 *~
445443 260.0 300.0 279.29 0.0467 0.1136 0.1234 .,

454454 306.0 !40.0 319.37 0.0148 0.0618 0.0621

545454 340.0 420.0 377.89 0.01ps 0.0652 0.0739

%4..
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Table 1.2. Initial performance data, FDC (Concluded).

FIRE HORIZONTAL

DOSE-RANGE SYMPTOM DIRECTION CONTROL
RADS (CGY) COMPLEX TIME-RANGE TIME OFFICER OPERATOR COMPUTER

1500- 3000 211111 0.4 0.6 0.52 0.8168 0.7479 0.8076

311111 0.6 0,8 0.71 0.7800 0.7105 0.7611

412111 0.8 1.1 0.9b 0.7244 0.6480 0.7361

513111 1.1 1.4 1.24 0.6609 0.5801 0.6?00

514111 1.4 1.6 1.59 0.6451 0.5561 0.6740.

515211 1.8 2.3 2.03 0.5688 0.4qt3 0.6077

515321 2.3 2.7 2.49 0.46714 0.14407 0.5425

515331 2.7 5.4 3.82 0.447b q.41b9 0.503

515332 5.4 6.6 5.97 0.3151 0.3415 0.441b

515333 6.6 8.0 7.27 0.220b 6.2734 0.3574

515334 6.0 20.0 12.65 0.14•b 0.214A4 0.2811

415334 20.0 24.0 21.91 0.1800 0.2481 0.3150

415324 24.0 32.0 27.71 0.2184 0.2667 0.326.

315314 32.0 50.0 40.00 0.3u90 0.32b4 0.3755

314414 50.0 72.0 60.00 0.2683 0.3184 0.3431

324513 72.0 86.0 76.69 0.?474 0.2850 0.2620

334513 86.0 96.0 90.86 0.1626 u.2202 0.2u46 ft .

344413 96.0 110.0 102.76 0.11Q9 0.1802 0.1728
354523 110.0 140.0 124.10 0.0508 O.1139 0.094o •. \

355533 140.0 170.0 154.27 0.0377 u.0957 0.4045

455543 170.0 220.0 193.39 0.0259 0.0735 0.0603

555554 220.0 270.0 243.72 0.0000 0.0000 0.0000

555555 270.0 300.0 284.bl 0.0000 0.0000 0.0000

3000- 4500 k11111 0.3 0.4 0.32 0.8168 0.7479 0.8076

311111 0.4 0.5 0.42 0.7800 0.7105 0.7811,0 Ir.

411111 0.5 0.6 0.52 0.7381 0.0700 0.7521

412111 0.6 0.7 0.61 0.7244 0.6480 0.7361

513111 0.7 0.8 0.71 0.6609 0.5A01 0.6900

b14111 0.8 0.8 0.80 0.6451 0.5561 0.674u

514211 0.8 0.9 0.87 0.605b 0.5227 0.6252

515211 0.9 1.1 0.99 0.5886 0.4983 0.6077

515321 1.1 1.3 1.20 0. 48:.4 0 . 407 0.5425 V.
515431 1.3 2.7 1.87 0.3870 U.38g46 0.4757

535431 2.7 4.2 3.37 0.1810 0.2387 0.2803 t.

535432 4.2 5.0 4.58 0. 1196 rjo1853 0.2150
535433 5.0 5.6 5.29 0.0773 0.1417 0.1615

515434 5.6 6.6 6.08 0.1285 u.1927 0.239a

515435 6.6 26.0 13.10 0.0833 0.1476 0.1816

51b425 2b.0 30.0 27.93 0.1036 0.1602 0.1896
515525 30.0 33.0 31.46 0.0088 0.1430 0.1546

51S515 33.0 55.0 42.60 0.1105 0.1553 0.1660 P
535515 55.0 70.0 fg.05 0.0417 0.0845 0.0787

555515 70.0 91.0 79.81 0.0151 0.U442 0.0354
5S5S25 91.0 110.0 100.05 0.0118 0.0403 0.0336

555535 110.0 120.0 114.6q 0.0000 0.0000 0.0U00
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Table 1.3. Initial performance data, tank crew.

DOSE-RANGE SYMPTOM TANK
RADS (CGT) COMPLEX TIME-RANGE TIME COMMANOER GUNNER LOADER DRIVER

7%- 150 ?11111 5.0 18.0 9.49 0.8447 0.8853 0.8092 O.b744

ISO- 300 211111 3.4 4.5 3.91 0.8447 0.8853 0.8092 0.674-4
311111 4.5 5.0 4.74 O.PO0o 0.8501 0.7719 0.694 94
312111 5.0 6.0 5.48 0.7597 0.6252 0.7148 0.6054
412111 6.0 6.8 6.39 0.(99" 0.77b2 0.6W67 0.1702

"413111 0.8 12.0 9.03 0.6477 u.7428 0.5969 0.7110
313111 12.0 16.0 13.86 0.7137 u.7971 0.6498 (#.75e3 0.
213111 16.0 21.0 18.33 0.7717 0.d424 0.6992 0.7895
113111 21.0 40.0 P8.98 0.8209 U.6791 0.7445 0.8224
11d111 40.0 540.0 146.97 0.8532 0.b973 0.7974 (.b632
112121 540.0 1060.0 75a.5 7  0.8477 0.9002 0.7964 0.0617

300- 530 211111 1.8 2.7 2.20 0.8447 0.8.853 0.8092 0.8744
311111 2.7 3.5 3.07 0.8004 0.8501 0.7719 0.6044
312111 3.5 3.9 3.09 0.7!07 0.8252 0.7148 O.bOb4
412111 3.9 4.6 4.24 0.6999 0.7762 0.6667 u.77v2
413111 4.0 6.6 5.51 0.6477 u.77 40" 0.5969 0.7110
414111 6.0 13.0 9.26 0.5917 0.7062 0.5230 0.6435
314112 13.0 22.0 16.91 0.54Q5 0.6548 0.4405 0.5895
214112 24.0 35.0 27.75 0.6232 0.7207 0.5057 0.b394
114112 35.u 40.0 37.42 0.6916 0.7784 0.5617 u.6864
114111 40.0 45.0 42.43 0.7832 0.8583 0.6o32 0.1726
113111 45.0 320.0 10.00 0.209 0.8791 0.7445 0.02i4 . r

114111 320.0 360.0 339.41 0.763a 0.8583 0.663d 0.77i6 "
11*121 360.0 450.0 402.49 0.7757 0.8621 0.,819 0.7704
114131 450.0 780.0 592.45 0.7680 0.6659 0.6806 0.7662
134131 780.0 1080.0 917.82 0.5495 0.66bO 0.4647 u.5460-

530- 830 211111 1.2 1., 1.43 0.8447 0.8853 0.8092 0.8744
311111 1.7 2.4 2.02 0.8004 0.6501 0.7719 0.6494

411111 2.4 2.7 2.55 0.7473 U.6065 0.7296 6.02u4
412111 2.7 3.3 2.96 0.6999 0.7762 0.6667 0.7702
512111 3.3 3.5 3.37 0.6323 0.7183 0.6148 0.73U8
513111 3.5 4.8 4.10 0.5755 0.6797 0.5417 0.6658
514111 4.8 10.0 6.93 0.5166 0.6385 0.4667 0.593A
414112 10.0 16.0 12.65 0.473b 0.5823 0.3945 4. 5 3

7 7

314112 16.0 26.0 20.40 0.5495 0.6548 0.4495 V.5895

214112 26.0 45.0 34.21 0.623i 0.7207 0.5057 0.6344
113112 45.0 50.0 47.43 0.7399 0.808C 0.6339 0.748-
113111 90.0 190.0 97.47 0.8200 0.8791 0.7445 0.82e4
113121 10.0 250.0 217.95 0.8143 0.8825 0.71433 0.6206
114121 29u.0 280.0 264.58 0.7757 0.6621 0.6819 0.77u4
114131 280.0 410.0 338.82 0.7680 0.8659 0.6606 0.1662
214131 410.0 520.0 461.74 0.7094 0.6260 0.62q7 0.7286
314133 520.0 630.0 572.36 0.4095 0.5398 0.3239 0.4744
424133 630.0 760.0 691.95 0.2369 6.3249 0.1962 0.3058

434143 760.0 q10.0 831.6? 0.152b 0.2172 0.1341 0.2076

444153 910.0 1080.0 9ql.36 0.0949 0.1379 0.0895 0.1349
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Ta~bIe 1.3. Initial performance data, tank crew (Continued).

DOSE-PANGF SYHPTOM lANK
RADS (CGY) COMPLEX TIME-RANGE TIME COMMANDER 6UNNLIE LLADER DRIVER

83,0- 1100 211111 0.9 1.3 1.08 0.8447 0.8A53 0.8092 0. 57144

.:11l11 1.3 1.4 1.35 O.RU04 u.8501 0.7719 u.6494

312111 1.4 1.8 1.5Q 0.7597 o.8252 0.7148 '.6054

413111 1.8 2.5 2.12 0,6477 0.7428 0.5969 U.7110

514111 2.j 3.2 2.83 0.516b 0.6385 0.4b67 0.5938

515111 3.2 7.6 4.93 0.4573 o.5952 0,3931 0.517.

5151;2 7.6 q.0 b.27 0.3434 1.4603 0.2780 0.4087

5113 9.U 14.0 11.22 0.2450 0.3309 0.1862 0.sob2 4%

415113 14.0 22.0 11.59 0.3056 u.4023 0.2228 0.3548

315113 22.0 3ý 0 P7.75 0.3737 0.4780 0.2643 0.4n44

215113 35.o 50.0 41.83 0.447 u.5548 0.3104 Q.4500

214112 50.0 56.0 52.91 0.6232 0.7207 O.F05 7 V.b394

114112 56.0 .7.0 61.25 0.691o 0.7764 0.5617 O.b8b4

114111 67.0 92.0 7s.51 0.7632 u.6583 0.6032 (1.7726

12411• q2.0 110.0 10;.bo0 0.b868 U.7717 0.5793 0.0718
134111 110.0 1on.0 132.66 0.5711 0.6536 0.4078 u.5521
13,4121 160.0 180.0 169.71 0.5003 0.6608 0.4663 0.5491 I

234121 180.u 190.0 184.93 0.4845 V.58•8 0.4108 0.ts9t-

235121 1QV.O 200.0 104.94 0.4e5b 0.5438 0ý3404 U.4199
235131 200.0 2oO.C' 226.04 0.414) 0.5518 0.3391 0.41b'

32'232 260.0 320.0 28b.44 0.3089 0.431Q 0.241c! (P.1308
31S343 320.0 360.0 339.41 0.2677 0.3975 0.1970 0.3113

415343 360.0 410.0 384.19 0.2124 0.3265 0.1637 f0.ibb0

515154 460.0 520.0 489.08 0.1058 0.175q 0.0o45 0.1568

1100- 1500 211111 0.7 0.q 0.79 0.8447 0.8853 0.80Q2 0.b744

311111 0.9 1.0 0.95 0.8004 0.b501 0.7719 0.84104

312111 1.0 1.3 1.14 0.7597 0.825? 0.7148 U.6054 -

413111 1.3 1.7 1.49 0.6477 0.7428 0.5969 0.7110

514111 1.7 2.3 1.98 0.516b u.6365 0.4b67 U.593A"[721

5151:1 2.4 5.3 3.49 0.4573 0.59'2 0.3931 0.5176

515221 5.3 5.7 5.50 0.402b 0.5512 0.3494 0.4683

515222 5.7 8.0 6.75 0.P950 0.4160 0.2419 0.3621
t15223 8.0 16.0 11.31 0.2061 U.z923 0.1594 0.26111

415t223 1o.0 25.0 20.00 0.2o004 .3598 0.1920 0.311n -

315.223 25.0 27.0 25.98 0.323e 0.4334 0.2?
9 4 0(.

5 7 9

315113 27.0 40.0 3c.06 0.3737 U.4780 0.2tA3 0.4044

215113 40.0 50.0 44.72 0.4473 0.5548 0.3104 0.45b60
214113 50.0 66.0 57.45 0.5055 0.5495 0.3781 0.5t333,2
114112 L0.0 80.0 72.b6 0.691b o.7764 0.5b17 0.68b4 . ..•

124112 80.0 92.0 15.7q 0.5765 0.6622 0.4500 0.5667

134112 92.C 110.0 100.bo 0.4525 0.5225 0.1431 0.4427

144112 110.0 120.0 114.bq 0.3341 0..79? 1.25C1 . "i.32'h

14412? 120.0 140.0 129.b1 0.3244 0.3868 0.24M9 0.3209
145132 140.0 1600. 149.67 0.2659 0.3516 0.1960 0.le52
245232 160.0 210.0 193.30 0.182b 0.2437 0.1397 0.1874

34534? 21;;O 2bO.O 233.b7 0.1164 u.1652 0.0970 0.1532q K
445443 260.0 301.0 279.2Q 0.0480 0.0638 0.04fl 0.06e4
454454 300.0 340.0 319.Z1 0.0225 0.o2u7 0.0212 0.0316 -
545454 340.0 420.0 377.6q 0.021b 0.0291 0.01 q U.0u351
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Table 1.3. Initial performance data, tank crew (Concluded).

DOSE-RANGE SYMPTOM TANK
RADS (C'1) COMPLEX TIME-RANGE 71ME COMMANDER GUNNER LUAUER uRIVER

1500- 3000 211111 0.4 0.6 0.52 0.844; 0.8853 0.8092 0.744
311111 0.6 0.8 (.71 0.8004 0.bo01 0.7719 0.o094
'412111 0.6 1.1 0.96 0.6999 0.7762 0.6b67 J.7702
513111 1.1 1.4 1.24 0.5755 0.6797 0.5417 G.b6ý8
514111 1.4 1.8 1.59 0.5166 o.6385 0.4o67 (I. 938
b15211 1.b 2.3 e.03 0.413d 0.b432 0.3508 0.4714
515321 2.3 2.7 2.49 0.3604 0.49b3 0.31

9 4 0.42e7
515331 2.7 5.4 3.62 0.3503 0.5o44 0.3081 0.4196"515332 5.4 6.6 z.97 n.2508 0.3730 0.2092 0.3115
. 15333 0.6 8.0 7.21 0.1720 0.2565 0.1359 0.a309

515334 8.0 20.0 12.65 0.114O v.166
7  

0.0854 0.1621
, 415334 20.0 24.0 21.91 0.1488 0.2140 0.104b 0.192M

415324 24.0 32.0 27.71 0.1505 0.2086 0.1054 0.1947
315314 32.0 50.0 40.00 0.2056 0.j578 0.1293 6.2321
314414 50.0 72.0 60.00 0.2153 0.25Z4 0.1433 0.2550
324513 72.0 86.0 78.bq 0.1833 0.2081 0.1304 0.2101
334513 8b.0 96.0 90.86 0.1199 0.127

9  
0.0874 0.1381

344413 96.0 110.0 102.76 0.09l00 0.0919 0.0b52 0.1040

354523 110.0 140.0 124.10 0.0456 0.0451 0.0373 0.U543
355533 140.0 170.0 154.27 -. 0350 0.0390 0.0277 vO~uaO
455543 170.0 220.0 193.3Q 0.0250 0.099 0.02, 1 Yi.0322
555554 220.0 270.0 243.72 0.0000 0.0000 0.0U00 0.0000

555555 270.0 300.0 254.61 0.0000 0.0000 0.0000 U.00o0

3.. 3000- 4500 211111 0.3 0.4 0.32 0.8447 0.8853 0.8092 0.0744
311111 0.4 0.5 0.42 0.8004 0.8501 0.7719 0.8494
"411111 0.5. 0.6 0.52 0.7473 0,6065 0.7296 0.6204
412111 0.6 0.7 0.61 0.6994 0.7702 0.6667 0.7702
513111 0.7 0.8 0.71 0,5755 0,6797 0.5417 0.6658
"514111 0.8 0.5 0.80 0.5166 0.6385 0.'4067 0.!0
514211 0.6 0.9 0.87 0.471b 0.5863 0.4219 0.Z486
515211 0.9 1.1 0.99 0.413d 0.5432 0.3508 0.4714
515321 1.1 1.3 1.20 0.360b4 0.4983 0.3094 0.4227
515431 1.3 2.7 1.67 0.3107 0o4535 0.2708 0.3754
535431 2.7 4.2 3.37 0.1425 0.2054 0.1315 0.1790
535432 4.2 5.0 4.58 0.0935 0.1304 0.0825 0.1232
535433 5.0 5.6 5.:q 0.0602 (.0800 0.0507 0.0830
515434 S,6 6.6 6.08 0.0973 0.1393 0.0723 .0,1365
515435 6.6 26.0 13.10 0.0627 0.0855 0.0443 0.0930
S5t125 2b6.0 30.0 ?7.93 0.0653 0.0833 0.0445 0.0949
S4bS25 30.0 33.0 31.46 0.0552 0.06ds5 ,0374 0.0802
• 51555 33.0 55.0 42.60 0.0575 0.0665 0.037b 0.0811
"535515 55.0 70.0 62.05 0.0220 0.0217 0.0157 0.0310
555515 70.0 91.0 79.81 0.0082 0.000 9  

0 0065 0.0115
555525 91.0 110.0 100.05 0.0079 0.0071 0.00o,4 0.0113
"555535 110.0 120.0 114.89 0.0000 0.0000 0.OuOo 0.0000
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Table 1.4. Initial performance data, TOW crew.

DOSE-RANGE SYMPTOM SQUAn
RAD$ (CGY) COMPLEX TIME-RANGE TIME LEADER GUNNER ORIVER LOADER

75- 150 211111 5.0 18.0 9.49 0.8714 0.6306 0.9456 0.88aý

150- 300 I;111I 3.4 4.5 3.91 0.8714 0.8306 0.q456 0.68?1;

1, 311111 4.5 5.0 4.74 0.8435 0.7937 0.9315 0.b5 )
3111 5.0 6.0 5.48 0.7884 0.7251 0.A932 0.?77ý

412111 b.) 6.8 o.39 0.7177 0.b742 0.8b7b 0.1256
413111 b.8 12.0 9.03 n.6721 0.5865 0.8012 U.bl-'?
313111 12.0 1A..0 13.66 0.7205 0.643q 0.8373 0.t7ig
213111 16.0 21.0 16.33 0.7o43 0.bq75 0.8b74 0.7Pi7

7 113111 21.0 40.0 20.98 0.8030 0.74b1 0.8935 0.7714
11211! 40.0 500.0 14b.97 0.8550 0.8108 0.9317 0.6I•
112121 540.0 1ObO.0 756.57 0.7987 u.7418 0.8913 0.1944

300- 530 211111 1.8 2.7 2.20 0,8714 0.8306 0.9056 0.88dc
S311111 2.7 3.5 3.07 0.7835 0.7937 0.9315 0.J5 3

312111 3.5 3.5 3.07 0.7804 0.7251 0.8932 0.317)5
.41 I11 3.9 4.6 44.24 0.7477 U.6742 0.A670 44.72bd
413111 4.b 6.6 5.51 0.6721 0.5865 0.8012 0.bIO?
414111 b.b 13.0 9.26 0.5864 0.40930 0.7125 0.48b4
310112 13.0 22.0 1b.91 0.5177 .j.4334 0.63!7 Q.3qul
214112- 2.0 35.0 27.75 0.5744 0.0937 0.6o.b 0.4556
114112 35.0 00.0 37.42 0.6243 U.5542 0.736b v.:1'I)
114111 40.0 45.0 42.43 0.738i 0.6683 0.8637o 0.t :,2
113111 45.0 320.0 120.00 0.8030 0.7461 0.8935 0.i719
114111 320.0 360.0 339.41 0.7382 o.b683 0.8376 O.bh/P
11'121 360.0 450.0 002.49 0.6549 U.5746 0.7562 u.57•6
110131 490.0 76o.o 592.45 0.5608 u.4751 0.6509 0.47'5
130131 780.0 1080.0 917.82 0.4012 0.3620 0.5061 ý.3505

530- 830 211111 1.ý 1.7 1.41 0.8714 0.d306 0.9456 (.b823
311111 1.7 2.4 2.02 0.8435 0.7937 0.9315 (.t.536
011111 2.0 2.7 2.55 0.8108 0.7511 0.9102 v.0193
412111 2.7 3.3 2.96 0.7477 0.042 0.)6b ).72b8
512111 3.3 3.5 3.37 0.7021 0.b188 0..' 0.67b4
7k 513111 3.5 4.8 0.10 0.619J .S267 0.75904 0.553J 510111 4.8 I0.0 6.93 0.5299 0.4307 0.6599 Q.4232
414112 10.0 16.0 12.65 0.4605 0.3750 0.573! U.3362
310112 1b.0 26.0 20.40 0.5177 0.4334 0.6317 0.3943
214112 26.0 45.0 34.21 0.5140 0.0937 0.666b u.4556
11311? 45.0 50.0 47.03 C.7105 0.6445 0.819d 0.b409
113111 5G.0 190.0 97.07 0.8030 Q.1461 0.8935 0Q.7714
113121 0

9
0.i 250.0 217.95 0.7%29 0.6633 0.8345 O.bq59

114121 250.0 280.0 264.51 0.6549 0.574s 0.7562 0.5756
114131 280.0 410.0 336.82 0.5b00 0.4751 0.6509 0.47bS
210131 410.0 520.0 461.74 0.5034 0.9152 0.593A 0.441b
314133 520.0 630.0 572.36 0.2264 0.1749 0.2516 0.1379
424.133 630.0 760.0 691.95 0.1510 0j.11b3 0.1633 0.0871
434143 710.0 910.0 831.b2 0.083a 0.06!,3 0.0800 O.U471
444153 90.0 1080.0 991.36 0.0O•9 0.0359 0.0373 (0.0250
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Table 1.4. Initial performance data, TOW crew (Continue().

N DOSE-RANGE SYMP )M SQUAD
RA)S (CGY) COMPLei, TIME-RANGE TIME LEADEk GUNNER DRIVER LOADER

830- 1100 211111 0.9 1.3 1.08 0.8714 0.8306 0.9456 0.8823
311111 1.3 1.4 1.35 0.6435 0.1e37 0.9315 0.8536
"312111 1.4 1.8 1.59 0.7884 )07251 0.8934 007bse -4 413111 1.6 2.5 2.12 0.6721 0.5865 0.8v12 0.6142
514111 2.5 3.2 2.83 O.5299 0.4307 0.6599 0.4232
515111 3.Z 7.6 4.93 0.4381 U.3434 0.5441 0.30s0
515112 7.0 9.0 6.27 0.3194 0.2439 0.3929 0.1492
515113 9.0 14.0 11.22 0.2203 0.1660 0.2597 u.1113
415113 14.0 22.0 17.55 0.2622 0.2024 0.3(#94 0.1387
315113 2e.0 35.0 27.75 0.3089 0.2444 0.3b39 0.1715
215113 35.0 50.0 41.83 0.359b G.eq9O 0.4221 V.2102
e 14112 50u.O 56.0 6 S.91 0.5744 0.4937 0.606b 0.4556
114112 .5b.O 07.0 61.25 0ý6293 0.5542 0.736b 0.51*3

e 114111 67.0 92.0 78.51 0.7382 0.6683 0.8376 0.b67b2
124111 92.0 110.0 100i.60 0.683u0 .6147 0.7927 0.6059
134111 110.0 160.0 132.66 0.62;2 0.5581 0.7392 (.5411
134121 160.0 160.0 169.71 0.5257 0.4584 0.630e 0.4437
234121 180.0 190.0 184.93 0.4685 9.3990 0.5717 0.3629
235121 lq.O 200.0 194.94 0.3787 0.3126 0.4508 0.2688
235131 200.0 260.0 228.04 0.2VO9 0.2338 0.3304 0.1992
325232 260.u 320.0 288.44 0.2130 0.1574 0.2430 u.1?5a
315343 320.0 360.0 339.41 3.1312 0.0890 0.1382 0.0671
415343 360.0 410.0 384.19 0.1072 (.0712 0.111b 0.0529
415344 410.0 460.0 434.268 0.0674 o.o452 0.0b31 0.0291
515354 460.0 520.0 489.08 n.0373 1.0243 0.0311 b.Olbs

1100- 1500 211111 0.7 0.9 0.79 0.8714 0.8306 0.9456 0.8623
311111 0.9 1.0 0.95 0.6435 0.7937 0.9315 0.(536
312111 1.0 1.3 1.14 0.7884 0.7251 0.8932 0.7755
413111 1.3 1.7 1.49 0.6721 0.5865 0.8012 0.6142
514111 1,7 2.3 1.98 0.5299 0.4307 0.6599 0.4232
515111 2.3 5.3 3.49 0.4381 0.3434 0.5441 0.3030Su15221 5.3 5.7 5.50 0.3559 0.259f 0.9490 0.2375
5152!2 !.7 8.0 6.75 0.249b 0.1760 0.3064 (11432
515223 8.0 16.0 11.31 0.1666 0.1179 0.1933 0.0623
415223 16.0 25.0 P0.00 0.2012 0.1456 0.234e 0.1034
315223 25.0 27.0 25.90 0.2405 0.1784 0.2809 0.1292
315113 27.0 40.0 32.86 0.3069 0.2444 0.363 ( 0.1715
215113 40.0 50.0 44.72 0.3598 0.2920 0.4221 0.2102
214113 50.0 66.0 57.45 0.4483 0.3756 O.5429 0. 3

100
.11•112 66.0 80.0 72.66 0.6293 0.5542 0.7366 0.5163

124112 80.0 92.0 85.79 0.5647 0.4960 0.6746 0.4s21
134112 

9
2.u 110.0 100.bO 0.4979 0.4379 0.6058 u.3476

14411? 110.0 120.0 114.89 0.0311 0.3815 0.5326 (1.3p67
144122 12(1.u 140.0 129.81t 0.3377 41.2925 0.4065 u.2472
145132 140.0 160.0 149.67 0.1918 u.1597 0.2021 u.1163
245232 150.0 210.0 183.30 0.1656 0.1299 0.183b 0.0918
345342 210.0 260.0 233.b7 0.1007 0.0729 0.1075 0.0570
445443 260.0 300.0 279.o2q 0.0534 0.0367 0.0549 0.0260
454454 300.0 340.0 319.37 0.024b 0.0179 0.0223 0.0128

454504 340.0 420.0 377.8q 0.0179 0.0122 0.014b 0.0075
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Table 1.4. Initial performance data, TOW crew (Concluded).

DOSE-RANGE SYMPTOM SQUAD
RADO (CGY) COMPLEX TIME-RANGE TIME LEADER GUNNER DRIVER LOADER

1500- 3000 211111 0.4 0.6 0.52 006714 0.8306 0.9456 0.8823
311111 0.6 0.8 0.71 0,8435 0.7937 0.9315 0.0536
412111 0.6 1.1 0.96 0.7477 0.6742 0.8676 0.1263
513111 1.1 1.4 1.24 0.6198 0.5267 0.7594 (0.55.3
514111 1,4 1.8 1.59 0.5299 0.4327 0.6599 U.4232
515211 1.6 2.3 2.03 0.4509 0.3437 0.5755 0.3153
51b321 2.3 2.7 2.49 0,3618 0.2601 0.4807 0.id 181

* 515331 2.7 5.4 3.82 0.2014 001907 0.3575 0618e4

' b15332 5.o 6.6 5.97 0.1406 0.1269 0.2318 0.1010
. 515333 6.6 8.0 7.27 0.1243 v.0823 0.1406 V.0604

515334 8.0 20.0 12.65 0.0787 0.0524 0.0615 0.0334
415334 20.0 24.0 21.91 0.0970 0.065q 0.1017 0.0425
415324 24.0 32.0 27.71 0.1377 0.0952 0.1585 U.oe15
315314 32.0 50.0 40.00 0.2298 0.1668 0.2857 u.1108
318414 50.0 72.0 60.00 0.3123 0.2263 0.4249 6.1862
324513 72.0 86.0 78.69 0.3778 0.2?72 0.5343 0.e521
S334513 6o.0 96.0 90.66 0.3169 0.2293 0.4596 0.2054
344413 96.0 110.0 102.76 0,2519 0.1904 0.3569 0.1517
35523 110.0 140.0 124.10 0.154d 0.1111 0.2193 U.0932
355533 140.0 170.0 154.27 0.0782 0.0543 0.0941 u.u396
455543 170.0 220.0 193.39 0,0435 0,0293 0.0466 0.0212
555554 220.0 270.0 243.72 0.0000 0.0000 0.0000 0.o000
555555 270.0 300.0 284.61 0.0000 0.0000 0.000U 0.0o00

3000- 4500 211111 0.3 0.4 0.32 0.8714 0.8306 0.9454 0.0823
311111 0.4 0.s 0.42 0.8435 v.7937 0.9315 0.o536
411111 0.5 0.6 0.52 0.8106 617511 0.914a 0.6193
412111 O.b 0.7 0.61 0.7477 0.6742 0.8067o 0.7268
513111 0.7 0.4 0.71 0.6196 0.5267 007594 0.5553
514111 0.8 0.8 0.80 005299 0.4327 0.6599 0.4232
514211 0.8 0'q 0.87 0.5426 0.4331 0.6879 0.4373
515211 009 1.1 4. 9 9  0.4509 0.3437 0.5755 0.3153

* 515321 1.1 1.3 1.20 003678 0.2601 0.4607 o.c481
515431 1.3 2.7 1.87 0,291V 0.1910 0.3872 0.1912
535431 2.7 4.p 3.37 0.1941 0.1289 0.2578 0.1280
535432 4.2 5.0 4.58 0.1266 0.0836 0.1584 0.u694
535433 5.0 5.6 5.29 0.0603 0.0533 0.0926 0.03bS
515434 5.6 6.6 b.08 0.0625 v.0525 0.0915 0.U353
515435 6.6 26.0 13o10 0.0514 0.0331 0.0516 0.0192
515425 26.0 30.0 27.93 0o0745 0.0485 0.0833 .0o282
5b1525 30.0 33.0 31.46 0.0781 0.0486 0.0935 0.0298
515515 33.0 55.0 42.o0 0.1115 0.0708 o.1465 0.0434
553535 55.0 70.0 6e.05 0.0.85 0.0456 0.0862 0.0260
555515 70.0 91.0 79.81 0.0412 0.0291 0.0493 0.o155
5s5552 91.0 110.0 100.05 O.8•8i 000197 0.0302 00OluS
55535 110.0 120.0 114.89 0.0000 0.0000 0.0000 0.0000
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- ATTN: IVS

ATTN: Security Police

"Air Force Office of Security Police ATTN: TAC/XPJ

2 cys ATTN: At OSP/SPPC ATTN: TACA/XPS

"? cys ATTN: AFOS"/SPPX
2 cys AT TN: SPOS-SPPC US A r Force Academy

lT I,: L.i rary

1 Ai- Force Syste!:r Cr•:,and ArT%: Strategic Studio's

D!A : AT T: Sl

""77



r

I

DEPPRTMENT OF THE AIR FORCE (Continued) OTHER GOVERNMENT AGENCIES (Continued)

US Air Force Inspector General Central Intell Agency

3 cys ATTN: ICS ATTN: Counter-Terrorist Sroup
3 cys ATTN: IGT ATTN: Dir of Security

ATTN: Medical Svcs
US Air Forces in Europe ATTN: NIO-T

ATTN: LISAFF/DFY ATTN: NIO, Strategic Sys
ATTN: USAFE/DOT ATTN: Ofc of Global Issues
ATTN: USAFE/INA• ATTN: R&D Sub Committee
ATTN: USAFE/XPX, Pins ATTN: Security CommitteeATTN: Tech Library

USAF School of Aerospace MedicineA
ATTN: Radiation Sciences Div Federal Aviation Admin

ATTN: Dir of Civil Aviation Security
USAF Special Operations School

ATTN: Director Federal Bureau of Invest Academy
ATTN: Behavioral Rsch Unit

1st ACCS 2 cys ATTN: LibraryATTlN: DGF

Federal Bureau of Investigation
2nd ACCS 3 cys ATTN: Terrorist Rsch & Analytical Ctr

Federal Eergency Management Agency

3280th Tech Training Sq ATTN: Asst Assoc Dir for Rsch, J. Kerr
ATTN: TG1CC ATTN: Civil Security Division

ATTN: G. Orrell, MP-CP
DEPARTMENT OF ENERGY ATTN: Ofc of Rsch/NP, D. Benson

Department of Energy Geieral Svcs Administration
Albuquerque Operations Office ATTN: PS

ATTN: CTID
ATTN: D. Richmond House Perm Select Ccmmitt un Intell

ATTN: Staff Director
Department of Energy
Office of Mil Application, GTN Interpol, US Natl Central Bureau

ATTN: OMA, DP-22 ATTN: Chief

Department of Energy, GTN Metro Transit Police
ATTN: Ofc of Intelligence ATTN: Chief
ATTN: OMA, DP-22
ATTN: Sareguards & Security National Bureau of Standards
ATTN: Tech & Intell Dir ATTN: Law Enforcement

University of California, Lawrence Livermore Natl Lab Dept of Commerce, Natl Bureau of Standards
ATTN: L-35 ATTN: Tech A219
ATTN: L-38
ATTN: L-38g Natl Criminal Justice Reference Svc
ATTN: L-450, W. Hogan 2 cys ATTN: D. Galarraga
ATTN: Tech Info Dept Lib ½

ATTN: Z Division Library Select Committee on Intelligence
ATTN: Staff Director

Los Alamos National Laboratory
ATTN: M/$634, T. Dowler Subcommittee on Sec & Terrorism
ATTN: MS P364, Reports Library ATTN: Chief Counsel, Staff Dir
ATTN: R. Sandoval

US Capitol Police p
Sandia National Laboratories ATTN: Chief

ATTN: Tech Lib, 3141
ATTN: 0333, R. Stratton US Coast Guard
ATTN: 0334, J. Struve ATTN: Port & Environment Safety

OTHER GOVER14MENT AGENCIES US Coast Guard Academy P11
ATTN: Library -.

Bureau of A .ohol, Tobacco & Firearms A
ATTN: Chief Special Opns Div US Oept of State

ATTN: A/SY/CC/TAG
US Dept of State, Bureau of Politico Mil Affairs ATTN: A/SY/DASS

ATTN: PM/STM ATTN: A/SY/OP/T
ATTN: FAIM/LR

Committee on Armed Services ATTN: M/MED e
ATTN: staff Dir & Chief Counsel 2 cys ATTNI: A/CTP
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OTHER GOVERNMENT AGENCIES ýContinu~d) DEPARTMENT OF V'FENSE CONTRACTORS (Continued)

US Nuclear Regulatory Comrmission Martin Marietta Corp

ATTN: Dir Div of Saieguards ATTN: F. Marion

ATTN: Ofc of Insp & Entorcement
Martin Marietta Denver Aerospace

US Park Police ATTN: J. Donathan

ATIN: Chief of Police r.
National Insticute for Public Policy

DEPARTMENT OF DL ZNSE CONTRACTORS ATTN: C Gray

Aivanced International Studies Institute Orion Research Inc . T-
ATTN: M. Harvey ATTN: J. Scholz

Advanced Rsch & Applications Corp Pacific-Sierra Research Corp

ATTN: Dcc Control ATTN: H. Broke. Chairman SAGE
2 cys ATTN: G. Anno

Aerospace Corp 2 cys ATTN: D. Wilson

ATTN: Library 2 cys ATTN: M. Dore

Anilytical Assessments Corp Pacific-Sierra Research Corp

ATTN: A. Wagner ATTN: D. Gormley

BOIr Corp R&D Associates

ATTN: C. Wasaff ATTN: C. Lee

kTTN: J. 5ode ATTN: C. Knowles

ATTN: j. Braddock ATTN: D. Simons

ATTN: J. Conant ATTN: E. Carson

ATTN: R. Buchanan ATTN: F. Field "
ATTN: P. Haas

Boeing Co 2 cys ATTN: Doc Control

ATTN: MS-85-20, D. Choate
ATTN: MS-85-20, J. Russel R&D Associates

ATTN: A. Deverill

Computer Sciences Corp ATTN: J. Thompson

ATTN: F. Eisenbarth ATTN: K. Moran
ATTN: W. Graham (1

Data Mamory Systems, Inc
ATTN: T. Dupuy Rant Corp

ATTN: P. Davis

Grumman-CTEC, Inc ATTN: V. Jackson

ATIN: S. Shrier 2 cys ATTN: Security & Subnation Conflict

Horizons Technology, Inc Rand Corp

ATTN: J. Palmer ATTN: B. Bennett

lIT Research Ins t itute Rockwell Irtl'rnational Corp

ATTN: Doc Library ATTN: J. Howe

Institute for Defense Analyses S-CUBED
ATTN: Classified .ibrary ATTN: K. Pyatt

ATTN: J. Grote Sciencp Applications Intl Corp

IRT Corp ATTN: Document Control

ATTN: W. Macklin ATTN: E. Swick
ATTN: J. Beyster

JAYCOP ATTN: J. Martin

ATTN: R. Sullivan ATTN: J. Warner
ATTN: M. Drake

Kaman Sciences Corp St
ATTN: F. Shelton Science Applications Intl Corp

ATTN: B. Bennett H
Kaman Sciences Corp ATTN: Document Control

ATTN: E. Conrad ATTN: J. Foster

ATTN: E. Daugs ATTN: J. Peters
ATIN: J. Shdnnon

Kaman (empo ATTN: L. Goure

ATTN: DASIAC. ATTN: M. Fineberg
ATTN: W. Layson

Kaman Tsrrpo
ATTN: UASIAC Science Applications Intl Cnrp

ATTN: D. ail

479

Vn
A-I '. 

1"-.(j

/' [. ; . .



DEPARTMENT OF DEENSE CONTRACTORS (Continued) DP ARTMENT OF DEFENSE CONTRACTORS 1Con_.i_ _e)

Stienre Applications, Inc Tetra Tech, Inc
ATTN: R. Craver ATTN: F. Bothwell

SRI International TRW Electronics & Defense Sector
AITN: R. Tidwell ATTN: 0. Scally

ATTN: N. Lipner

SRI International ATTN: R. Burnett
TRW Electronics & Defense Sector

Systems Research & Applications Corp ATTN: P. Dai
ATTN: S. Greenstein F
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